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FOREWORD

The papers presented at the Twenty-Seventh Atinual Conference of the
Military Testing Association came from the business, educational, and
military communities, both foreign and domestic. 'he papers reflect
the opinions of their authors only and are not to be construed as the
official policy of any institution, government, or branch of the armed
services.
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OPENING SESSION OF THE 27TH ANNUAL

MILITARY TESTING ASSOCIATION CONFERENCE

21 October 1985

The 27th Annual Conference of the ilitary Testing Association was hosted by the
Navy Personnel Research and Development Center (NPRDC). The Conference was held
at the Bahia Hotel in San Diego, California, 21 through 25 October 1985. A total
of 169 paper and symposium presentations were given during 57 sessions
structured into three concurrent tracks. Conference attendance was 326.

CALL TO ORDER: Dr. Martin F. Wiskoff, Head, Manpower and Personnel Laboratory,
NPRDC, and MTA Chairman called the Conference to order at 1300, 21 October. Dr.

.WJskoff then introduced the MTA President, CAPT Howard S. Eldredge, Commanding
Officer, NPRDC.

WELCOME: CAPT Eldredge officially welcomed the attendees to the Conference and
San Diego. He discussed the importance of personnel systems to missions of the
armed forces and emphasized how they represent the key to military superiority.
CAPT Eldredge then expressed the hope that the formal presentations and the
informal interchanges the attendees would experience during the week would go
far to further personnel research and development.

KEYNOTE: Prior to the intro.'uction of the keynote speaker, Brigadier General
Caleb J. Archer, Commander, U.S. Military Entrance Processing Command, Dr.
Wiskoff gave a brief summary of the General's career. Dr. Wiskoff noted that
General Archer has held a wide variety of important command and staff positions.
In 1966 he served in Vietnam commanding the 212th Military Police Company and
later was Chief of Physical Security for the U.S. Army Vietnam. General Archer
also served on the faculty of the Army Command and General Staff College and has
served as Provost Marshal of the 3rd Infantry Division in Wurzburg, Germany and
Commander of the 793rd Military Police Battalion, Nuremburg, Germany. General
Archer has also served in Washington, DC as the Army Deputy Chief of Staff for
Personnel. He has been the Provost Marshal of the Army Field Artillery Center
at Fort Sill, Oklahoma. His most recent assignments have included Commander,
Western Region Recruiting Command at the Presidio of San Francisco, Commandant
of the Army Military Police School and Deputy Commanding General of the Army
Military Police and Chemical Training Centers, Fort McClellan, Alabama

Dr. Wiskoff then asked the attendees to give a warm welcome to General Archer.
(General Archer's address follows in its entirety.)
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THE U. S. MILITARY ENTRANCE PROCESSING COMMAND AND ITS TESTING
PROGRAM FOR THE AIDS VIRUS

Brigadier General Caleb J. Archer
U. S. Military Entrance Processing

Command

CAPT Eldredge, Dr. Lancaster, Dr. Wiskoff, ladies and gentlemen.

It is a distinct privilege and honor for me to be invited to speak
to this group of researchers and professionals. Although I've only
been the Commander of the U. S. Military Entrance Processing
Command (USMEPCOM) for three months, I've seen already what an
important part research plays in our command and, in fact, the
whole Armed Forces. Your efforts in developing the various forms
of testing are very important to us. As past Commandant of the
Military Police School I can also assure you of the importance of
other areas of personnel research and development such as your
efforts involving women in the Armed Services.

At this time we in USMEPCOM are faced with the complex issue of the
Acquired Immune Deficiency Syndrome (AIDS). It is an issue that
will require immense effort to see the problem to a successful
solution. We'll need your help.

What I would like to do today is first to tell you a little bit
about the Command and then to talk about the mission we have
received in USMEPCOM to test all new applicants to the Armed Forces
for the HTLV-III antibody related to the AIDS virus.

USMEPCOM reports directly to the Department of Defense through Dr.
Steve Sellman and Dr. Lancaster's office, and up to LTG Chavarrie.
We have a very direct route through Headquarters DCSPER because
they are the executive agent for processing for the Armed Forces.
Our biggest customers are the four recruiting commands - Army,
Navy, Air Force, and Marine Corps - and the fourteen training
centers - eight Army, three Navy, 1 Air Force, and 2 Marine Corps.
We qualify applicants for this complex system.

We have 68 Military Entrance Processing Stations (MEPS) throughout
the U. S. and overseas and two substations - one in Guam and one in
Alaska. This structure is broken down into three sectors - the
Western Sector under Marine Corps COL Bill Stroup, headquartered in
San Francisco; the Central Sector under Army COL James Tyler,
headquartered in Chicago; and the Eastern Sector under Air Force
COL Linda Sendt at Fort Meade, Maryland. We are a joint staff
agency with about 49%, Army, 21% Navy, 19% Air Force, and 11%
Marine Corps. The service affiliations of our commanders reflect
these service percentages. However, we have 24 female commanders
out of a total of 68 because all of our Navy commanders are female.
This is because the Navy is seeking command billets for this level
of female officer and, fortunately for us, we are able to take
advantage of the situation.
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Our screening process is based on the Armed Forces Vocational
Aptitude Battery (ASVAB). We administer the ASVAB to about one
million applicants at our testing sites each year and we administer
an additional million in high schools. So we give the test about
two million times each year.

We give about 540,000 physical exams at our stations a year but
next year that will rise to 700,000 because we are taking on the
responsibility of examining for the Army National Guard starting 1
December.

In addition to testing, USMEPCOM interviews applicants to detect
law violations and other disqualifying past conduct.

Out of the total, the selection process pares the number down to
about 380,000 that actually join the Armed Forces through the
Military Entrance Processing Stations (MEPS) per year. All but
about 5% of the total enter the Delayed Entry Program. This
program allows the participants to delay entrance for up to a year.
Currently the program has about 130,000 in it but this number
varies up to about 150,000. So we are always working with the
future in mind in our enlistment process.

For our production tests, the ones we give to the million
applicants, we use the ASVAB 11, 12, and 13 forms which many of you
have worked on. For the school test, administered in the high
schools and junior colleges, we use ASVAB 14. With the help of Dr.
Lancaster and others, we have just got testing specialists in all
81 of our stations. These specialists help market ASVAB to the
schools. We market it as the excellent counseling tool it is but,
of course, it also has great value to the recruiters. It allows
the recruiters to direct their attention to the high quality
youngsters the military needs to enlist.

We have some difficulty getting into some of the high schools to
test. We give the ASVAB in about 79% of the schools but some of
them test only three to five examinees so the totals don't add up
very fast. We only test about 13% of the available high school
juniors and seniors in the country. Endorsements from state
agencies, city officials, and school administrators help the
program, but the strong feeling that any outside activity detracts
from the education process plays against our initiatives.

We also administer special purpose tests at the time of enlistment
for the services - tests which many of you helped develop - and my

staff and I participate in the planning of Department of Defense
research.

I now want to give you an example of the kind of research most of
our commanders grasp at -- specifically that which gives the
commander a product in the near term. When we marketed the ASVAB
to the schools in July 1984, we thought the test would take only
three hours to administer but with the inclusion of the
instructions the time was increased to about three hours and twenty
minutes. Now this does not sound like much of a problem but all
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the testing periods had been blocked into three hours. The school
bells rang and students got up and wandered off. We had many
incompleted tests and test security was compromised. Some of the
schools quit the program and the recruiters were becoming upset.

A research program was quickly implemented by the Command with Navy
trainees to see if shortened instructions would still be effective.
It was determined that both an experimental and control group did
equally as well and that shortening the instructions would have no
impact on test validity. So we were able to shorten the test back
to three hours and continue with the high school testing program.

Another example of research with great value to USMEPCOM is the
Computerized Adaptive Testing - Armed Services Vocational Aptitude
Battery (CAT-ASVAB) program which will be discussed thoroughly this
week. CAT is an example of basic research which has matured to the
practical level; we will be putting it to use in the near future.

I won't cover the CAT-ASVAB milestones since they will be discussed
in depth during the week's sessions. However, the one I am
interested in is when we declare victory and actually start CAT-
ASVAB testing in the MEPS. In the meantime it is going to be a
burden to get CAT-ASVAB evaluated, especially for the recruiters
who must bring in applicants and tell them they will have to take 6
hours of tests. We are going to pay the price to stay on schedule.
Already we are getting resistance from the recruiter force but CAT-
ASVAB will be operationalized.

What I would like to do now is to switch to a discussion of our
effort to test for the AIDS virus. Most of us believed up until a
few months ago that this was a disease that affected homosexual
men, intravenous drug users, and, tragically, hemophiliac patients
but did not have much impact on the population in general. But I
can tell you now that an estimated 1.2 million Americans are
currently carrying the antibody. Occurrence of the disease is
estimated to be doubling every year. Young people at enlistment
age will be the most affected. In the past members of the Armed
Forces have been six times as likely as the general population to
contract venereal disease. If this trend holds for AIDS we as
researchers and leaders must be very concerned about this disease
and its potential for disruption of the Armed Services.

As most of you know the Department of Defense made a decision on 30
August to test all new applicants for the HTLV-III antibody. A
positive test result indicates that the individual has come in
contact with the AIDS virus some time in the past. It does not
indicate that the individual has the virus now nor does it mean
that the individual has the disease now. However, recent tests
show that a very high percentage of people testing positive for the
antibody do carry the virus at that time.

The testing program has already begun. It started on 10 October in
the training centers and on 15 October in the MEPS. Based on this
test we will deny enlistment to applicants who test positive to the
antibody.
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In implementing this program I wanted to maintain the current
processing flow because it is critical to manning the force. We
wanted to minimize the impact on shipping. Actually, as I
mentioned, we don't have many straight shippers. Almost everybody
we enlist goes into the Delayed Entry Program or back to Reserve or
National Guard units. Only about 5% are straight shippers. They
can't ship any longer. They must wait at least one day for the
test results to come back. We wanted to be very accurate in the
preparation of our specimens with all the traffic involved. We had
some difficulty in testing initially but hopefully that has been
corrected.

Applicants to the Delayed Entry Program are currently being tested
at the training centers in order to allow the MEPS to continue
their normal processing flow. However, by 1 October the MEPS will
take over the responsibility for all AIDS testing except for active
duty personnel. As you may know the plan is to begin testing the
active duty force in the future.

Finally we wanted to be very careful in notifying the applicants
that they were carrying the antibody. We decided to return them to
the MEPS and tell them face to face as opposed to sending them a
registered letter which we studied as an alternative.

To develop our plan we worked with a number of the MEPS commanders
with advice from the service recruiting commands. We could have
gone with a decentralized system very easily but the cost would
have run to $16 or $18 per test. This high cost and the concern
over quality control forced us to a national contract. One lab
which would pick up nationwide and overseas and do the lab tests in
one location. This would allow Walter Reed and other institutions
to perform very specific quality control procedures.

We then had all of our medical Noncomissioned Officers in Charge
(NCOICs) come into Chicago so we could train them very carefully.
We also brought in all our medical officers - each of the 70 MEPS
has one full time chief medical officer. Some of the larger ones
have two. These are augmented with 400 fee based physicians. The
average age of medical officers is 60. We had four over the age of
80. Just getting them to Chicago was an effort. But they really
were enthusiastic about the program. The medical officers and the
MEPS commanders have given the program their full support.

USMEPCOM began testing 15 October; the Navy, Air Force and Marine
training centers started 1 October; and the Army training centers
started 10 October. We had already completed over 17,000 tests by
last Friday and we are moving forward.

How many positives are out there? It is emerging data; I don't
know yet. I know the studies we did at Fort Benning showed 8
positives per 1000 for 1,400 tested. We don't know what the
numbers are going to be in this program but we hope it is going to
be less than 8 per 1,000.
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The contract went to Damon Corporation Medical Labs in Needham, MD.
The cost was $4.41 per test as opposed to the average of $16 to $18
for decentralized testing. All tests will go to Dallas by
overnight express and the results electronically relayed to us each
day before two o'clock. We test by doing the ELISA Screening Test
twice. If the specimen is tested positive twice it is sent to
Chicago for the more specific Western Blot Confirmatory Test. And
if this test proves positive only then do we call the individual in
to inform him or her of the results.

With the ELISA Screening Test we get the negatives back in one day.
So if we pick up by noon, by noon the following day the results are
back. This allows us to ship all our applicants except those who
were ELISA positive. It takes three days to get the results of the
Western Blot Confirmatory Tests back to the MEPS.

Issues of confidentiality are obviously a great concern for us. At
the time the individual comes in for the physical exam we tell them
that they are going to be tested for the HTLV-III antibody. They
sign an acknowledgement form which amounts to an informed consent
so it is not a complete surprise if they are called back with a
positive result.

The release of the information will be a problem. We are handling
it through the Office of the Secretary of Defense General Counsel.
All requests are being sent there for disposition. Specific
requests may go through Central Disease Control in Atlanta. We
don't know at this time. We won't be indiscriminately releasing
any information concerning individuals.

The notification process entails sending a letter to the individual
to return to the MEPS about a medical problem. The recruiter who
made the initial contact with the individual and his or her family
will go to the home and pick up the applicant and return with the
applicant to the MEPS. The individual will be informed of the
positive results by the chief medical officer with the commander
present. After notification a second blood sample will be drawn.
We are doing that to be 100% positive. The individual will then be
returned home by the recruiter. We will inform the individual of
the results of the second test by registered mail, return receipt
requested, or by telephone; probably both. If the second test
comes back negative - we don't expect to have any of these - we
have to research every aspect of the case to find out why.

A second letter is actually handed to the individual after the
interview telling him or her that they have the antibody, but it
doesn't mean they have AIDS; that they may or may not contract the
disease; and that they should see their private physician to seek
further advice about their health.

We also have a fact sheet developed at our request by the doctors
at Walter Reed. The fact sheet is very good and is used by own
people to overcome the concern they have about the disease. Put
yourself in the place of the recruiter who has to pick up an
applicant and then come maybe three hundred miles in six hours to
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the MEPS and then return home with the individual. This is a very
difficult task. The fact sheet helps calm the fears of all
involved.

We have also developed a workshop program to give the recruiter
training in how to handle these applicants. In developing this
training we used social workers, psychiatrists, and suicide
counselors. They came up with some do's and don'ts to reinforce
and give confidence to the recruiters before they have to deal with
this situation. We have included in this training a list of
questions and answers which address possible problems the recruiter
could encounter while bringing in an applicant.

We have about 7,000 recruiters and all of them will be faced with
transporting a ELISA positive applicant at one time or another. We
are taking this workshop to the recruiting schools where it will
become part of their training.

This is the end of my prepared remarks. Thank you for your time
and attention.
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Rule Space: A Model for Identifying
Erroneous Rules of Operation

Maurice Tatsuoka

University of Illinois at Urbana-Champaign

Introduction. It is well known that a student's total score on a test does
not tell the whole story--in fact it often tells very little--about the
student's achievement level and even less about the kinds of incorrect notions
he or she has about the subject matter being tested. To get something close
to the whole picture, we need to examine the student's response pattern, which
is a vector of l's and 0's, representing right and wrong, respectively, on the
successive items, like lOpO,l,l,l,l,0,...,0,ll) .

However, since the vector will have as many elements as there are items
on the test, it is clear that we'd be hard put to make much sense out of it
unless the test is quite short. What is needed, therefore, is some way to
summarize the information contained in a response-pattern vector by means of
some kind of numerical index.

Suppose that an achievement test has been given to a sizable group of
students, and the facility level of each item (i.e., the percentage of the
group that got each item right) has been determined. Suppose, further, that
the items have been rearranged from the easiest to the hardest in recording
the l's and O's (for right and wrong) in the successive response-pattern
vectors. What sort of vectors would we expect to find predominantly in the
set of vectors for the whole group? From the way the items have been
arranged, we should find most vectors to have more l's toward the left and
more O's toward the right-hand part--representing a pattern of responses in
which more of the easier items were passed and more of the harder ones were
failed. The "ideal" pattern would be one in which all the l's precede all the
0's. Such a vector may be called a "Guttman vector," in analogy with what are
called Guttman scales in attitude scaling. Of course, Guttman vectors would
be found rarely if at all in any set of real response-pattern vectors. Most
of the vectors would show some O's interspersed among the predominant l's in
the left part and some l's among the O's in the right-hand part.

In several vectors, we may find a rather random assortment of l's and
O's throughout; in a few, we may even find a predominanct of O's occupying the
left part (corresponding to the easier items) and more l's in the right-hand
(i.e., the harder-items) part. Both these types of response vectors would
have to be regarded as anomalous or "aberrant," because the first type shows
just about the same proportions of the easier and the harder items being
passed, while in the second type more of the harder items are passed than the
easier items. Thus an index that shows the extent to which a given response
vector approaches a Guttman vector or the opposite extreme in which all the
O's precede all the l's (a "reverse Guttman vector") could serve as a measure
of the "typicality" or "atypicality" of that vector. Such an index was, in
fact, developed at an early phase of our project, and it was called the "Norm
Conformity Index" (NCI). However, this index has the defect that it defines
"typicality" with reference to an "ideal" standard or norm that is virtually
unrealized in practice.

Extended Caution Indices. The above circumstance led us (mainly Kikumi
Tatsuoka) to seek a measure of typicality/atypicality that is based on a
probabilistic model, namely Item Response Theory (IRT). In highly simplified



terms, what our model does is first ustIFT with the one- or two-parameter
logistic function to estimate the student parameter 0 and the item parameter a
(or parameters a and b) for each student and item in a data matrix. Then, for
each student, the IRT-based probability for passing each item is computed, and
a matrix (Pij(Qi)) is constructed. This could be called an IRT-based theoreti-
cal data matrix, with the 0-1 entries replaced by Pij(Zi)'s. Finally, an index
analorous to the NCI is computed for each student, representing the extent to
whicb his/her observed response vector deviates from the corresponding vector
of probabililies based on IPT, relative to the extent to which the group's
average reslxnse vector deviates from that IRT-probability vector.

Actually, several such indices, called "Extended Caution Indices" (ECI)
can be defined, depending on just what IRT-based quantities are used to replace
the l's and O's of the Guttman vectors and their means over students. Five
such EOI's were defined and discussed by K. Tatsuoka and Linn (1983).

It turned out that the one that was called ECI4, when standardized, served
the best as an index for detecting anomalous response patterns in a group.
(The standardization is for the purpose of making the values comparable over
different @'s.) This was denoted by 5 and has been used exclusively in all our
subsequent work. It also has the convenient property that, prior to being
standardized, it is interpretable as a linear mapping function:

f(x) (p(o) - -(o) -

E.nl (Pj(Q) - xi)(Pj(Q) - T())
P(Q - T())'(),

which associates with each response pattern x a real number f(x). HereT(G)' = CT(G) ,.. T(9)]' ^0
is a vector whose n elements are all equal to

T(9) . (I/n)Ejn Itpj (0),

which is the mean, over items, of the IPT-based response probabilities for a
fixed 9.

The expected value and variance of f(x) for fixed 9, denoted fo(x), was
shown by K. Tatsuoka (1985) to be

E(f9(x)Q)= 0
and

Var(fg(x)IQ) = Pj(G)Q ( )[Pj(Q) - T(9)] 2

respectively.

Rule Srace. With the standardized mapping f nction

5 = fo(x)/[Var(fo( ) 2

defined above, we can now map each student's resjonse pattern x into a point
(0, 5) in a two-dimensional space with abscissa Q and ordinate ,. It was
shown that the maximum likelihood estimate of 0, MLE ', and '5 are uncorrelated.
This space is called "Rule Space," because--if a student consistently uses

* some specific rule of operation (or algorithm) in solving all the items on a
test--each rule R will yield a anique response pattern x R (or just t for short).
Thus the correct rule will yield the response pattern EIII,...,I], and each
incorrect rule will yield some specific permutation of l's and O's (including
all O's, of course).

^Consequently, the rules that yield response patterns leading to the same
MLE 9 will all be mapped into points that lie on a straight line perpendicular
to the Z axis. (Such respor-e patterns will have the same number, Exj, of l's
in the case of the one-parameter logistic model, and the value of the sufficient
statistic, Zajxj , will be equal in the case of the two-parameter model.)
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Thus, what 5 does is to pull apart students who have the same total score (or
the same sufficient statistic for Q) on a test. Students whose response
patterns are typical of their group (and hence whose 5 values are small) will
be represented by points close to the Z axis, while those whose response
patterns are unusual for the group (large 5 values) will be mapped into points
that are above the 0 axis--the more unusual their pattern, the farther up
their points will be.

But now comes the rub. The neat mapping indicated above was predicated
on the assumption that each student uses some specific rule consistently
throughout the test. But of course this will not be true in practice. There
are bound to be some random departures from the use of a constant rule in a
few of the items. Then the student's response pattern will not be mapped into
a point that corresponds to consistent use of a single rule. Rather, the pdint
will fall in the vicinity of the point for the rule that has been used for
solving most of the items. These may be called "perturbations" from the "pure"
rule point. Or, if we want to be more specific about the extent of perturba-
tion--i.e., the number of items on which there was a departure from the modal
rule--we may call the points "one-slip points," "two-slip points," and so on.
Tatsuoka and Tatsuoka (submitted to Psychometrika) have shown that the proba-
bility of there being no more than some number s (<n) of slips in a test with
n items is given by a compound binomial distribution. Hence, asymptotically,
the perturbed points will be distributed normally around the pure rule point
from which they are perturbations. Moreover, under reasonable assumptions,
the variance of this distribution will--at least for rule points that are not
too far from the Z axis--be equal to the vriance that was previously displayed

for fo(x), namely, EjnlPjQj[Pj(@) - T(0)] . This, along with the facts that
0 is normally distributed with mean 0 and variance I/I(Q) and that 5 and 0 are
uncorrelated, allows us to conclude that the perturbed points will follow a
bivariate normal distribution with a known centroid and a known, diagonal
covariance matrix. Consequently, the points corresponding to response patterns
with no mce than a certain number of slips will lie inside ellipses whose
minor and major axes are parallel to the reference axes of rule space. These
ellipses will constitute various iso-density ellipses of the bivariate normal
distributions around the pure rule point. The upshot is that, if all the rule
points and the observed response points that are perturbations from them were
to be plotted in rule space, the result would be something like this: There
would be several swarms of points, each of which would be most densely concen-
trated around one of the pure rule points, and would become sparser andsparser
as we go farther from the center (i.e., the rule point) in any direction.

We can now explicate just what is meant by the title of this paper,
"a model for identifying erroneous rules of operation," as follows: It is a
technique whereby, given a student's point (Qi' Si) in rule space, we are
enabled to decide to which one of the ellipses this point most likely belongs.
This is because we have, through this model, translated our original problem
into a typical problem of statistical decision theory: the problem of classify-
ing a given point into one of several bivariate normal populations--or, more
generally (as we shall soon see) into one of several 2m-variate normal
populations.

One of the ways for solving such a problem is to invoke the "minimum-D2

rule," where D2 is the (squared) Mahalanobis generalized distance. Without
loss of generality, we may assume that we have eliminated all but two rule
points RI and R2 as candiiates for the rule point from which the given student's
resporse point is a perturbation. If we denote the common covariance matrix of
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the two bivariate normal distributions with and 2 as their centers
by , then the D2 of the given response point from the centroid Rk Of the
Vule k ellipse is

Dlxk 5x) -s ]  (k - 1,2)

Upon computinp the two D2s, we would clasgify x as a perturbation from R! if

D X1 < D .2 and otherwise as a pe-turbation from. 2.
Once we have decided what particular rule it is that the studentts

response pattern is most likely to be a perturbation from (i.e., what rule

he/she most likely used almost consistently except for a few "slips"), it is a
short step to diagnosing the particular misconception that was most likely

held by the student for him/her to have adopted that rule in the first place.
This is because the rules were originally inferred from a careful error
analysis of actual test pape-s by experienced subject-matter specialists of
the material covered by the test.

Application to a Test on Subtraction of Signed Numbers. Suppose that a test

consisting of the ten items listed in the first column of Table 1 (without the
answers, of course) was given to a group of seventh-graders, and that four of
the students each used one of the four erroneous rules described at the bottom
of the table. The four pairs of ciumns-each pair headed by a rule number--
show the answers obtained by using the four rules, respectively, and the
binary score (1 or O) for each item.

Table 1. The Binary Response Vectors for a Set of Ten Items Responded to by
Four Incorrect Rules,

Rule I Rule 2 Rule 3 Rule 4
Items Response Xj* Response xj Response xj Response xj

-3 - (-7) -+4 -4 0 +4 1 +4 1 +4 1
-2 - 8 - -10 +6 0 +6 0 +6 0 -10 1
5 - (-12) - +17 -7 0 +7 0 +17 1 -7 0
-11 - +8 W -19 -3 0 +3 0 -19 1 -19 1
9- 4- +5 +5 1 +5 1 +5 1 +5 1
-15 - (-9) - -6 -6 1 +6 0 -6 1 -6 1
-13 - 5 - -18 -8 0 +8 0 -8 0 -18 1
8 - (-.6) -+14 +2 0 +2 0 +14 1 +2 0
-5 - +11 - -16 +6 0 +6 0 -16 1 -16 1
1 - 10 - -9 +9 0 +9 0 -9 1 -9 1

Rule 1 1 The student subtracts the Rule 31 The student converts -2 - 8
smaller absolute values from the larger and -13 - 5 into -2 + 8 and -13 + 5,
absolute value and takes the sign of the respectively, but the other eight items
number with the larger absolute value iteml are converted to addition
in hisAier answer. correctly. Then the right addition

rule is used to answer them.
Rule 2: The two numbers are always
subtracted as seen in Rule 1 but. the Rule 41 The student has a strange
+ sign is always taken in the answers idea about the parentheses. Converts

operation sign, -, to +, first. Then

he/she follows the rule: if the signs
of the two numbers are minus, then
change the sign of the second number to

* x is the score for the Jth item a +; if the signs of the two numbers
in [he binary response vector x. are not alike, then the sign of the

second number becomes a minus.

4



We see from Table 1 that Rules 1 and 2 both yield correct answers in two
of the ten problems, but not the same two. Similarly, if a student consstentr
uses either Rule 3 or 4, he/she would get eight problems right (again, not the
same eight). Thus, consistent use of either of the first two rules or either
of the second two would-assuming the discrimination parameters aj to be equal
for all of the items-respectively yield the same estimated 0 values. However,
examining the descriptions of the four rules at the bottom of the table, we
see Rule 2 represents greater ignorance than Rule 1, and Rule 3 might be the
result of careless slips while Rule 4 is quite a "weird" one. Therefore,
consistent users of Pule 1 and those of Rule 2 should not be treated alike.
This is probably true for the sheer purpose of guaging their achievement in
signed-number subtraction, and is certainly true for the purpose of diagnosing
their misconceptions and giving them remedial instruction; similar remarks
hold for users of Rules 3 and 4. This is where the ECI 5 comes into play.
Students who get the same 0 by virtue of consistently using Rule I and Rule 2,
respectively, would be pulled apart by their different values--those using
Rule 2 being plotted higher up in rule space (assuming the group to which they
belong is reasonably competent). Likewise, those using Rule 4 would come
higher up than Rule-3 users, because Rule 4 is a much more unusual rule.
Readers who are interested in further details on how5 works are referred to
K. Tatsuoka (1983, 1985).

Sometimes, even the two-dimensional rule space will not suffica to pull
the different rule points apart enough. In fact, tests of signed-number sub-
traction are a case in point. In such cases it may be possible to achieve
better resolution, as it were, by introducing subscores for each item; e.g.,
a subscore for the absolute value of the answer being right or wrong, and
another subscore for the sign of the answer. Then there will be one 0 for
each "component" and likewise one 5 for each, thus generating a rule space of
four dimensions, or more generally 2m dimensions, when there are m components.

Apnlication to Adaptive Testing. The ideas of rule space can also be used in
speeding up the "convergence" in computerized adaptive tests--i.e., for getting
a stable estimate of a student's 0 value by administering, on the average, a
much smaller number of items than in the traditional approach in which only
the information value I(Q) is considered in choosing the next item. (See Lord,
1980.) In highly simplified terms, the idea is to have at hand--i.e., stored
in the comuter--a curve of P.(o) - T(0) plotted against T(0) for each item
in the pool. These curves wili be called "Item Disparity Curves" (IDC) for
subsequent reference. Then, in selecting the next item to be given to a
student, we take into consideration--in addition to the I(Q)--the IDC of each
item remaining in the pool, and choose an item whose IDC is as far removed as
possible from the IC of the item just taken, at the current estimate Q(k) of
the student's 0 value.

Space does not permit indicating the proof that the method outlined above
will indeed speed up the convergence to the "correct" Q value, but it is
soundly based in functional analysis--which is a branch of mathematics that
has many important applications in statistics and psychometrics but which, to
quote Ramsay (1980), "...we in North America are handicapped by the fact that
a course in [it] is seldom a part of the preparation of an applied statistklan"
(1982, p. 394). A proof has been made by K. Tatsuoka, and it will soon be
available in a CERL Research Report of the ONP-sponsored Computerized
Adaptive Testing and Measurement (CATM) Project.
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Appendix

Proof that f(x) Increases with Unusualness of Response Pattern x. It was
stated without proof, on the third age of this paper, that thestandardized
version, 5 , of f(x) becomes larger as the response attern x becomes more
"unusual" for the group of which the responder is a member. Ve now prove this.
Expanding the second expression for f(x) given on page two, we get

f(x) =ZjIPj(O)[P=(1) - T(g)] - Zjnlxj[Pj(g) - T(g)].
We may assume, without loss of generality, that the items have been numbered
in ascending order of difficulty so that, for each 0, we have

PI(Q) > P2(9) > ... Pn(0) •
(The order may differ for different values of 9.) Then, since T(G) is the
mean of the n Pj(Q) values, there must be some k such that

P j(Q) - T(Q) > 0 for all J < k

and Pj(Q) - T(Q) < 0 for all j > k.
This, together with the fact that the first sum in the above expression for
f(x) is a constant for any fixed 0, implies that for any response pattern that
has a small number of xj - 1 for j < k (i.e., the easier items) and a lrge
number of xj = 1 for j > k (the harder items), the quantity f(x) will have a
larger numerical value than for a response pattern for which the opposite is
true. But the first-mentioned type of response pattern (with a small number
of corrects among the easier items and a large number among the harder items)
is clearly an "unusual" or atypical one. This shows that, for a fixed 9 , the
larger f(x) is, the more unusual is the response pattern x--for the group in
which the items were calibrated. The standardization to get 5 makes this
property hold across different values of 0.
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Implementation of a Computer System to Support
Diagnostic Testing

C. David Vale
Assessment Systems Corporation

St. Paul, Minnesota

The MicroCATtm Testing System, developed by Assessment Systems Corporation,
is a complete system of computer programs to support computerized adaptive testing
(CAT). MicroCAT runs on an IBM Personal Computer and includes facilities for
performing all of the functions necessary to implement adaptive tests. These functions
include authoring test items, calibrating items according to item response theory (IRT)
models, authoring tests using any of a variety of CAT strategies, and administering
tests. The details of the MicroCAT system have been described elsewhere (Assessment
Systems Corporation, 1984; Val', in preparation, a, b) and will not be detailed here.

MicroCAT served as the basis for the testing system implemented in the Basic
Electricity and Electronics (BE&E) School of the Naval Training Center (NTC) in San
Diego. The purpose of this implementation was twofold: to provide a delivery system
for the diagnostic testing techniques developed by the University of Illinois, and to
provide an environment in which to evaluate the MicroCAT system, which was not

then in commercial release.

There were two general requirements that the system for NTC had to meet.
First, it had to administer the current NTC tests in a form that was comparable to
their original mode of administration. (This was to allow the collection of data on the
current forms in an operational testing environment.) Second, the system had to be
capable of administering tests according to the prescribed diagnostic strategies.

In the standard mode of administration at NTC, a student is assigned a
microfiche card which contains a test. He or she then reports to a carrel with a
microfiche reader and responds to the test questions on an optically scannable answer
sheet. After completing the test, the student puts the answer sheet into an optical
scaaner that is connected to a computer terminal which, in turn, is connected to a
mainframe computer in Memphis, Tennessee. A computer-managed instruction
program running on that computer scores the results, updates the student's records in
the database, and reports the score to the student. It also tells the student which test
to take next.

Our goal in designing the MicroCAT interface to this mode of testing was to be
able to install the computerized testing system in such a manner that it would be
perceived by examinees as comparable to the microfiche version of the test. Its
operation also had to be completely transparent to MIISA, the computer-managed
instruction program, so that the results of the computerized tests could be used
operationally in the computerized instructional management system. MIISA is a very
complex program that manages all of the instructional assignments and record keeping
at NTC. It was written several years ago, runs on a mainframe computer, and is very
resistant to change of any kind. Any approach to implementation that required
reprogramming of MIISA was not viable.
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Although the MicroCAT system was originally designed for stand-alone testing, a
general networking capability was added to allow a proctor to assign and monitor tests
at several stations from a single proctor's station. This standard MicroCAT
networking system was still unable to communicate with MIISA, but the proctoring
station provided a good starting point for the connection. To achieve the transparency
desired, the proctoring program was adapted so that it could interact with MIISA as
well as with a proctor. It was changed to make the proctoring terminal emulate one of
the terminals that normally communicated with th,. MIISA mainframe. To accomplish
this, we made the proctoring station's serial port look like a GE Terminet printing
terminal connected to an optical scanner. As far as MIISA was concerned, it was
communicating with an optical scanner connected to a terminal. When an examinee
reported to the testing room, the proctor assigned him or her to a testing station,
where the examinee entered his or her social security number. The testing station
communicated this to the proctoring station, which queried MIISA for the appropriate
test to administer and assigned it to the examinee's station. After the examinee
completed the test, the proctoring station passed the responses to MIISA, obtained the
scores, and printed them out for the examince on the system printer. From MIISA's
perspective, the computerized system was capable of performing all of the functions
usually done on paper.

Figure 1 diagrams the testing system as implemented at NTC. It contained
eighteen terminals. Fifteen of these were testing stations, two were network servers
(which contained all of the tests and response data), and one was a proctoring station.
One network server would have been sufficient; the second one was for backup in case
the first one failed. One of the testing stations also had the hardware necessary to
convert it to a proctoring station if the first one failed.

There was a fear among the Navy Chiefs in charge of testing that it might be
difficult to convince the examinees that the computerized mode was equivalent to the
paper-and-pencil mode. Their concern was that if tests were administered in two
forms, superstitions would develop among the students regarding which mode was
easier. Obviously, this problem would be exacerbated if there was any substance to
the claim.

Specifically, three factors were initially assumed to be related to the examinees'
acceptance of the computerized mode as an equivalent mode of testing: (1) the system
had to respond quickly with the next item after the examinee answered the previous
one, (2) it could not lose an examince's work if any portion of the system failed, and
(3) it had to support standard test-taking strategies such as skipping difficult items
and coming back to them later.

MicroCAT was fast enough to satisfy the first requirement, but originally it did
not support the other two features. Therefore, a recovery feature was added to save
the examinee's responses on a diskette as soon as they were made. If n ',- ting station
failed, the examinee could simply remove the diskette in his or her station, put it in
another station, enter his or hcr social security number, and continue the test with no
loss of data.

The ability to skip items and later return to them was also added to the
MicroCAT system. At the end of the test, the examinee is asked if he or she would
like to review all of the items, some specific ones, or just those he or she skipped. A
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Figure 1. Structure of the NTC Implementation

rcview is granted as desired, and the specified items are re-presented to the examinee
with his or her previous response shown. The examinee can then change the response
or leave it as it was.

After these featurcs were added to the MicroCAT system, it was installed for a
small-scale evaluation. In general, the initial system ran without any serious errors.
Several small problems did require attention, however. First, as the system was
originally set up, it was possible for students to take two tests simultaneously. Since
they received no feedback regarding the correctness of responses, there was really no
advantage to be gained by doing this. Nevertheless, the problem was corrected by
modifying the proctoring program to keep track of who was on the system and to
allow examinecs to take only one test at a time. The second potential problem was
that hitting some combinations of keys could abort the testing system. This was solved
by disabling all of these combinations except one that required the examinee to
simultaneously push three keys. It is highly unlikely that anyone would accidentailly
hit all three keys at once; anyone who did hit them would probably be deliberately
trying to abort the system. It was not possible or worthwhile to subvert such an
attempt, because a determined examinee could always reset the station simply by
unplugging it.
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The system was implemented operationally in August of 1984. The test items
presented were similar in format to the one shown in Figure 2 (which is not an active
test item). Most examinees had no trouble with the new system. The major surprise
on the first day of testing was that, on the average, examinees took ten minutes to
respond to an item. This did not begin to tax the capacity of the network, which was
designed to handle a response from each examinee every ten seconds.

Ion this Ion uit

At. 21 mill1i amperes
B.- 63 mill1i amper'e s
C. 127 mill1iamperes
D. 254 milliamperes

ANHSWER:

Figure 2. Sample Electronics Itema

i Since the data collected by computer administration were to beanalyzed by the

University of Illinois, a data transfer scheme was needed. The MIISA link is a real-
time link in that testing waits for communication. Transferring the data to the
University of Illinois, on the other hand, had to be done only when the data were
needed or when the disks on the NTC network were full. A system was developed
whereby the test proctor periodically dumped the data from the system disks to two
sets or diskettes, one for the University of Illinois and one for backup. After

i~i dumping the data, the proctor's instructions were to mail one set to the University of

Illinois and to keep the backup set until receipt was confirmed. The data on the
system disk were erased after the diskettes were made. Except for the difficulty of
getting the proctor to make the data diskettes on a regular basis, this scheme worked
well.
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Testing has not bcen interrupted because of any system problems. It was
interrupted for several weeks, however, by the implcmentation of new versions of the
tests. The frequent changes in tests, which had not been anticipated when the system
was installed, required frequent communication with the University of Illinois. It had
been intended that the University of Illinois would do the test development and then
either manually install the tests in the San Diego system or mail complete test files
with installation programs to be run by the proctor. However, as the test changes
became more frequent, it became apparent that it would be more efficient for NTC
personnel to make the changes themselves and install the tests.

Test development in the MicroCAT system is a three-stage process. First, the
items are authored using the system's Graphics Item Banker. Then the test is specified
using an authoring language. Finally, the authoring language is compiled, a process
that reformats ;he items and processes the instructions in a manner that allows items
to be presented rapidly. Implementing a test in the NTC system required the further
step of copying the compiled test onto the appropriate disk volume.

NTC test administration personnel mastcrcd the process with relative ease.
However, several problems arose that had bothered us in the early part of this effort
but which we had forgotten until the NTC personnel began to use the system. One
such problem was that if diskettes were swapped while the item banker was running, a
bank would be destroyed. We originally circumvented this problem by not swapping
diskettes, but this solution was obviously not optimal. We therefore wrote a utility
program that could recover a bank destroyed in this manner. The other problem that
we re-discovercd was that, using the Ethernet network from 3Com, two people sharing
a disk volume can, under certain circumstances, destroy each other's work. For
example, NTC personnel recently destroyed an item bank by writing portions of a
memo over it. Fortunately, the new program was able to restore most of what was lost.

In general, the implementation at NTC has been successful. The MicroCAT
system has flawlessly performed most of the tasks required of it. More than 2,400
items have been banked for this application, approximately 50 different tests have
been implemented, and over 1,500 tests have been administered. Informal evidence
from the BE&E School suggests that the system is fast enough for administering all of
the tests and that the tests arc perceived as psychologically parallel to the microfiche
form (although we have heard that the computer display is easier to read than the
microfiche). The system has not yet been used for diagnostic testing, but custom
interfaces (portions of the program that allow programmers to augment the MicroCAT
system) have been provided to allow diagnostic testing routines to be implemented
within the MicroCAT system.

The MicroCAT Testing System is now a commercial product and the contract
that supported its development and implementation at NTC is near an end. Its use at
NTC will continue and the University of Illinois will implement the diagnostic
strategies in the near future. It has been a successful implementation that has
demonstrated the relative ease with which the transition can be made from paper-and-
pencil testing methods to computerized testing, even when the new system must be
integrated into a complex instructional management system that is already in place.
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APPLICATION OF RULE SPACE IN A NAVY TESTING ENVIRONMENT

by John M. Eddins
University of Illinois at Urbana-Champaign

Introduction

The MicroCAT testing system was installed in the BE&E School at
the San Diego Naval Training Center in order to extend to an actual
training environment the theoretical work in diagnostic .daptive testing
described by Dr. Tatsuoka, and reported in detail in Tatsuoka (1985,
in press), Tatsuoka & Tatsuoka (1985) and Tatsuoka, Tatsuoka & Baillie
(1985). 1 will present first a summary of our overall plans for the
project, next our progress to dare, Including some of the problems
we have encountered, and finally what we see as the next steps.

Summary of Project Plans

The principal goal of the projcct is to develop one or more diagnostic
adaptive tests for the BE&E curriculum using the rule space model, and to
evaluate the effectiveness of these tests with data collected from pilot
groups of Navy trainees. The ovorall plan can he outlined in five phases.

1. Collect and analyze data from current Navy tests.
2. Link rule space procedures to the MicroCAT system.
3. Add experimental items to current tests.
4. Create experimental tests.
5. Give experimental tests to pilot groups.

6. Report the results.

Substantial progress has been made on the first two phases, and we

are currently working on the third.

Progress to Date

1. Data collection and analysis

The MicroCAT system was installed and tested during the summer of
1984, but ongoing revisions of the instructional materials and tests
delayed full implementation until spring, 1985.

BE&E trainees at the San Diego base began testing with the system
in late March, 1985, and data was collected for Modules 1, 2, 4, 5,
6 and 7 during April through August, 1985. As it turned out, one more
revision of the tests was necessacy. The revised tests are now on line
and the computer testing lab is back in operation.

As each BE&E trainee takes a test, the MicroCAT system stores a record
which includes, for each Item, the item number, answer key, student's
response, and time to respond. These data are added to a file which
eventually Is read to a diskette and mailed to us at the University of
Illinois. Our plan is to gather enough data to analyze the items

13
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statistically and estimate item parameters, on the assumption that some
existing Items can serve as a starting point for developing items
applicable to rule space. This requires a minimum of 200 to 300
subjects, with a significant percentage giving wrong answers. Between
April and August we collected data for about 1500 subjects; however,
these were divided among five versions each of six tests, leaving only
around fifty for each test version. The different test versions for
Mod 4 proved to be identical except for the ordering of the answer foils,
so we re-ordered the data appropriately and merged it into a composite set,
giving us 235 subjects. .An analysis of variance across the different
forms confirmed their equivalence.

A summary of responses for the items in this dataset is shown in
Table 1. A high percentage of the responses on most items are correct,
and several items show essentially no discrimination. These data are
based on the first pass through the test, and they include partial tests
taken for remadiation, hence the substantial number of skipped items.

Table 1.

BE&E Test, Mod. 1 -- Summary of Respones.

All test forms equivalent to form 1.

lte-1 Key Rspl Rsp2 Rsp3 RsP4 Skip

I 1 196 8 1 1 29
2 4 9 25 0 165 36
3 3 2 40 125 24 44
4 1 169 7 19 6 34
5 1 207 0 1 0 27
6 3 1 12 189 0 33
7 3 0 0 202 1 32
8 1 196 2 2 0 35
9 4 1 0 2 199 33

10 3 9 2 188 0 36
!1 1 204 0 9 0 22
12 2 16 178 6 1 34
13 3 19 41 109 27 39
14 3 0 0 212 I 22
15 1 152 24 13 20 28
16 4 36 14 0 154 31
17 4 10 i8 45 101 61
18 4 2 13 2 168 50
19 3 0 6 13q 8 82
20 3 3 34 168 2 48
21 3 8 1 177 0 49
22 2 2 197 1 0 35
23 3 2 2 187 1 43
24 2 17 120 0 12 86
25 4 19 5 1 166 44
26 2 4 197 15 * 19
27 3 151 21 42 * 21
28 3 2 26 186 * 21
29 I 172 16 20 * 27
30 2 8 202 6 * 19
31 1 205 1 6 * 23
32 1 152 56 5 * 22
33 1 70 120 23 A 22
34 3 24 14 175 * 22
35 2 17 187 12 19

*Only three choices for these Items.

14



Our attempts to estimate item parameters were frustrated at first
because of the limited number of both Items and subjects, and because
of the large number of skipped items resulting from partial tests taken
as remedials. We eliminated the partial tests, leaving 193 subjects,
selected 22 of the most promising items and succeeded in estimating the
A and 8 parameters for these items. We used a computer program created
by Yamamoto, Baillie and Tatsuoka which Implements an EM algorithm
developed by Bock and Aitkin (1981). The EM method has the advantage
of being able to estimate Item parameters with relatively few items.
Results are shown in Table 2.

Table 2.

8 &E Test. Mod. 4 -- item Parameters for Selocted Items.

A B
Item_ (discrimination) (d1fficultv)

I .92832 -. !-Q'33
11 .8077q -.76712
12 .48945 -.84937
13 .80148 1.00827
15 .29399 -.72174
16 .55109 .09081

18 2.42278 .65!90
19 2.33766 .9174Q
20 2.35894 .63324
21 3.77397 .64296
23 2.87624 .39554
25 2.93106 .71003

26 .72511 -.66316
27 .86399 .52368
28 1.07095 .07809
2q .77854 .10053
30 .38718 -2.75522
31 .98740 -.53114
32 .38085 -.18672
33 1.16947 1.68272
34 .88895 .15271
35 .62432 -.52315

2. Linking of Rule Space Procedures with MicroCAT

To set up a test to be administered on the MicroCAT system, a bank of
test items is provided, together with a file which lists the items to be
administered and specifies the logical basis on which each successive item
is to be chosen. The choice can range from a simple top down sequence of
all items on the list to a decision computed by a program external to the
MicroCAT system and passed back to it. In our case, administering a
diagnostic adaptive test using rule space is in the latter category.

At the beginning of a test, item parameters stored in the item bank
are read into an array in memory (Figure 1). As each test item is
administered the student's response is stored, and program control is
passed to the rule space programs along with student response information.
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The student's response is scored as right or wrong (I or 0), the weighted

distances to all remaining items are calculated (Tatsuoka & Tatsuoka,
1985), and the next item is selected for optimal speed of convergence.
If sufficient convergence has been achieved, then the error probabilities
are estimated between the current point and the centroids of the ellipses
stored in the bug information bank. If the minimum value of these

probabilities satisfies a specified criterion, next item is set for stop;
if not, next item is not changed. Next item and program control are then
returned to the MicroCAT test driver. The computer programs for the
rule space procedures were developed by Robert Baillie. Details of

the theoretical basis for these procedures will be described in a
future report.

MicroCAT Testing System
tes t TEST - tmnm

s peci ficat ion D JRIVER1!. item info.iembn

net {l or stop - in form a t iopn  ,I
CONTROL CONTROL

Rule Space Procedures resp.
i nfo.

[ caIc weighted .4 scores score &l

distances to all store

converged remaining items
enough for + item parameters
EP (error I choose next item] ,
probabilIitV -0- for optimal I estimate EP 's

re 1 itn) converece ro 
b e t w e e n crrent

N I Y 1poini and bugs

return I search forL buIg=
next ,itern m in imum EP Ii n format ion

t N I[  I bank ,,

store results; does minimum EP i
nextr item-5top I Y JsatisfV crlterl on? l

Figure 1. Linking of Rule Space procedures with MicroCAT.

16



Future Plans

The principle hurdle remaining before we can actually create and
install experimental test items is a detailed analysis and verification
of specific learning tasks to be addressed, together with hypotheses
as to causes and results of various types of errors. Designing a
diagnostic test for use with the rule space procedures requires that
the test items be constructed with specific characteristics, and these
item characteristics must be analyzed and verified with extensive data

collection and computer analysis. Parallel versions of the items also
are needed.

At present we are examining in detail the concepts, operations and
errors represented by the Navy's BE&E tests. Three items selected from
the Mod 4 test will illustrate something of the nature and complexity
of the task. In the first item (A), a simple series circuit containing
five resistors is shown and the student is asked the effect on voltage
drops at an open resistor -- increase (1), decrease (2) or no change (3).
The second item (B) shows the same circuit and answer choices, but asks
the effect on current at a shorted resistor. The third item (C) shows
a series circuit with values given for applied voltage and two of the
resistors, one of which is open. The student is asked what a voltmeter
across the open will indicate.

For item A, 56% of the students chose (2) -- decrease in voltage
drop at an open; for item B, 26% chose (2) -- decrease in current at
a short; for item C, 18% chose (1) -- zero volts read across an open.
Out of 52 students choosing (2) for item B, 34 also chose (2) for item A;
out of 36 choosing (1) for item C, 27 also chose (2) for item A; but out
of the total group only 5 chose all three. Apparently, items B(2) and
C(1) represent different errors, while item A(2) subsumes both errors.
This is also confirmed intuitively. Response (2) to item B probably
results from confusing shorts with opens (the result of a short often
is an open). Response (1) to item C probably represents confusion

about the nature of voltage drop (nothing "happens" across a break, so
voltage drop = 0). These are different misconceptions, yet response (2)
to item A can result from either one.

The task before us is to pursue this type of inquiry until we have
isolated and charted a sufficient number of such relationships among
items to enable us to describe several common errors and specify test
items accordingly. We also are investigating ways to utilize the
computer to speed up and simplify this otherwise tedious and complex task.
What we are looking at here is the relationship among just one foil for

each of three items. To systematically consider such relationships
among all foils for all items obviously is a task for a computer. The
critical human task is defining the relevant concepts and errors.

With a multiple choice test it is important that each foil be
designed to provide specific information, so that the choice of the
next item will be based on more than simply a right-wrong score. Our
first experimental test items will likely be items taken from the current
tests with some changes in the foils or the circuit values. We have the

facility to insert these items into the existing tests without disturbing
the regular scoring. We could, for instance, insert five extra items
at the end of the Mod 4 tests which never would appear in the Navy's

computer records but would provide us with response data.
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As a simple illustration, assume that an item such as A is found
to suggest four possible errors. We present this item first, followed
by several others which confirm some errors and eliminate others. This
can be diagrammed in a process network where each node represents a
decision branch. By tracking these decisions the computer can identify
the student's errors, provided the student is entirely consistent and
is following a predicted route. Unfortunately, the realities of human
behavior do not conform to such a deterministic model. By using pattern
classification techniques, the rule space approach adds an element of
probability to the model, with the promise of much better rates of error
detection.
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An Overview of the Accelerated CAT-ASVAB Program

by

W. A. Sands

Computerized Testing Systems Department
Manpower and Personnel Laboratory

Navy Personnel Research and Development Center
San Diego, California 92152-6800

INTRODUCTION

Group-Administered Aptitude Tests

Group-administered aptitude tests can be described as conventional,
paper-and-pencil tests and Computerized Adaptive Tests (CAT). As the names
indicate, these differ in administration mode. Less obviously, but perhaps
more importantly, they also differ in the way in which items are selected for
administration. In the usual paper-and-pencil test, all examinees are
administered the same items in the same sequence. In contrast, a CAT
instrument is dynamically tailored to the measured ability level of the
individual examinee, during the course of the test administration. This means
that, at least potentially, every individual receives a different test.

Typically, in a CAT administration, the first item selected for
administration is one of medium difficulty, since we know nothing about the
examinee's ability level. If the examinee responds correctly, the ability
estimate is raised to above average, and a more difficult itam is selected for
adminis-ration. If the examinee answers this second item incorrectly, the
ability estimate is lowered somewhat through the updating procedure. As a
result, an easier item is selected as the third question. This process of
selecting an item, scoring the examinee's response, updating the ability
estimate, and choosing the next item for administration continues until some
stopping rule is reached. This test termination criterion may be either the
administration of a prespecified number of items (fixed length testing), or the
administration of items until the ability estimate meets a prespecified level
of precision (variable length testing).

Armed Services Vocational Aptitude Battery (ASVAB)

The ASVAB is a conventionally-administered, paper-and-pencil aptitude test
battery used by all the U.S. military services for both enlistment eligibility
screening and for subsequent classification and placement into entry-level
training. The paper- d-penciL version of the battery (P&P-ASVAB) includes
eight power tests and two speeded tests. Administration time for P&P-ASVAB
takes about three and one-half hours.

The P&P-ASVAI:, is administered under two large-scale testing programs. The
Production Testing Program involves the administration of the battery in the 68
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Military Entrance Processing Stations (MEPS) and in about 900 Mobile Examining
Team (MET) sites Located across the country. The Student Testing Program is
administered in about 14,000 high schools. These two testing programs are quite
large, each involving the administration of the battery to between 800,000 and
1,000,000 persons annually.

COMPUTERIZED ADAPTIVE TESTING VERSION OF ASVAB (CAT-ASVAB)

Ob-i ecti ves

The Computerized Adaptive Testing (CAT-ASVAB) Program has two broad

objectives. The first involves the development of a system that automates the
administration, test scoring, and computation of the Armed Forces Qualification
Test (AFQT) score and various other composite scores derived from ASVAB used by
the individual military services. Such a system must be capable of use in both
the fixed-base MEPS and in the portable testing environment of the MET sites,
while interfacing with the existing score reporting system. The second
objective of the CAT-ASVAB program is to evaluate the suitability of CAT-ASVAB
as replacement for the P&P-ASVAB in the Production Testing Program.

Approach

The original approach to the development of the CAT-ASVAB System was a
three-stage competitive "flyoff" between three contractors from private
industry. During the first stage, the three contractors developed system
design concepts and supporting analyses. In the second stage, limited
production models were to be developed, field-tested, and evaluated. The final
stage would have involved one of the three original contractors goinig into
full-scale production, deployment, and implementation.

The approach has changed as a result of three factors. First, the
timelines submitted by the contractors for Stage 2 were considerably longer
than we had planned. Secondly, some remarkable advances have been made in
microcomputer technology during the past few years. Finally, LTGEN E. A.
Chavarrie, Deputy Assistant Secretary for Military, Manpower and Personnel
Policy, in his keynote address at the last MTA convention in Munich, provided

strong encouragement for reducing the long timelines, commensurate with meeting
the performance objectives of the program. As a result of these influences, we

have adopted a markedly different approach. With a focus on early
implementation, we have initiated work on the Accelerated CAT-ASVAB Program
(ACAP).

ACCELERATED CAT-ASVAB PROGRAM (ACAP)

Obiective

The objective of ACAP is to field-test CAT-ASVAB as soon as possible. In
pursuit of this objective, we will procure off-the-shelf,
commercially-available microcomputer equipment. Software will be designed and

4 developed in-house at NPRDC.
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Evaluation Criteria

ACAP will be designed to meet the nine evaluation criteria originally
established for the full-scale version of CAT-ASVAB: (1) performance, (2)
suitability, (3) reliability, (4) maintainability, (5) ease of use, (6)
security, (7) affordability, (8) flexibility/expandability, and (9)
psychometric acceptability. Each of these nine major criteria includes
numerous subcriteria.

The performance criterion includes both general and specific requirements.
The system must automate the current P&P-ASVAB functions and anticipated
additional functions of CAT-ASVAB. System response time cannot exceed a
maximum of two seconds, and this response time must be independent of the
number of examinees taking the test (system load). The display must have a
resolution of 400x300 pixels, and the test must be displayed in 7x9 characters.
The system must support an interface with the existing MEPS Reporting System,
and the CAT-ASVAB Maintenance and Psychometric (CAMP) facility. The computer
software should employ a "top-down", structured design, use a high-level
language, and be adequately documented.

Suitability requires the system to operate in a normal office environment
in terms of temperature and humidity. No significant modification to existing
facilities should be required (e.g., electrical power). There should be no
necessity for specially skilled operators and no significant staffing changes
should be required. Finally, the system must be portable to support testing in

the MET site environment.

Reliability is an important concern for the system. It is imperative that
the system be available and operate reliably for scheduled testing sessions.
The system must be capable of restarting from the point of failure and
recovering from failure without loss of data.

Maintainability is a major consideration for any large scale computer
system. No skilled technicians are to be required. The hardware/software must
incorporate self-diagnostic capabilities which can be readily understood by
test administrators. An adequate integrated Logistics support system must be
established and maintained for the life of the system.

The system must be easy to use, both for the test administrator and the
examinee. No computer experience or expertise should be required. Set-up
procedures should be clear, unambiguous, and adequately documented. The
display legibility and resolution should support both text and graphics
material. Introduction of experimental test items should be transparent to
both the examinee and the test administrator.

Security is an important system consideration. The item sequence should
be unpredictable. Measures must be taken to prevent printout or inspection of

the item files. Use of the system must be limited to authorized personnel. A
multi-level password access procedure should be implemented. System access
must produce an audit trail which can be inspected by system managers.
Finally, the sys-em should ba designed to minimize equipment theft, by reducing

or eliminating piLferable components.
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The system must be affordable, i.e., the Life-cycle cost of CAT-ASVA8 must
be comparable to that of P&P-ASVAB. At present, an economic analysis of the
system is being conducted under contract.

Flexibility/expandability is an important dimension of the system. In
addition to supporting the delivery of a CAT version of ASVAB, the system must
allow for future, add-on peripheral devices. While present plans call for the
examinee to use a specially-designed keypad input device, the system must
support standard keyboard input. A programmable, high-precision clock is
essential, as future testing will almost certainly involve the measurement of
response Latency. Other future testing possibilities include provision to
measure a person's ability to identify and track a moving target. This will
require a system capable of internal and/or external expansion and provisions
for additional interfaces (e.g., a joystick).

Finally, the system must be psychometrically acceptable. CAT-ASVAB must
measure the same aptitudes measured by P&P-ASVAB. The CAT-ASVAB and P&P-ASVAB
versions of the battery must be equated to insure that the scores are
interchangeable. The CAT-ASVAB system must meet stringent professional test
standards.

, Progress/Plans

We have already achieved several goals. We have developed the functional
.4'.requirements for the system. An equating plan has been developed, and is

currently under review by policy and technical representatives from each of the
services and the U.S. Military Entrance Processing Command (USMEPCOM). We have
procured a small number of development systems to begin software

design/development. A procurement action to obtain equating systems has been
initiated and is in progress.

Plans include completion of the design and development of the ACAP

software in 1986. Data collection and extensive statistical analyses will take
about a year. We intend to begin the initial operational test and evaluation
in selected MEPS (and their satellite MET sites) in 1987.

CONCLUSION

There have been a number of important changes in the development of the
CAT-ASVAB system since the last Military Testing Association meeting in

November 1984. Emphasizing the importance of demonstrating the extensive
capabilities of an adaptive testing system for ASVAB, we are concentrating on
the Accelerated CAT-ASVAB Program (ACAP]. However, ACAP is viewed as an
interim system, not as a replacement for the full-scale development of
CAT-ASVAB. We plan to use "lessons learned" from the limited deployment of
ACAP to strengthen our functional requirements specifications for the
development of the full-scale CAT-ASVAB system.
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Ronald B. Tiggie, Ph.D.
and

Mr. Bernard A. Rafacz
Navy Personnel Research and Development Center

San Diego, California. 92152-6800

NAVPERSRANDCEN is currently involved in a major system development effort that is
concerned %%ith the rescarch, developmcnt, and eventual implementation of a Computerized
Adaptive Testing version of thc Armed Services Vocational Aptitude Battery(CAT-ASVAB).
The goal of this effort is the implementation of CAT-ASVAB on a nationwide distributed
computer network. This network will permit the United States Military Entrance Processing
Command (USMEPCOM) to adaptively administer the ASVAB to civilian applicants for mili-
tary service. The CAT-ASVAB System is intended to replace the operational paper-and-
pencil battery (P&P-ASVAB) currently used for selection and classification of enlisted person-
ncl.

P&P-ASVAB testing currently occurs at 68 Military Entrance Processing Stations (MEPS),
two substations and approximately 900 field locations identified as Mobile Examining Team
(MET) sites. The MEPS!MET sites arc under the administrative responsibility of USMEP-
COM. CAT- ASVAB System components will be used in both of the MEPS and MET testing
sites. The system must provide an automated, on-line system for test delivery and score report-
ing using adaptive, conventional, and timed psychometric tests. Item response theory (Lord,
1980) constitutes the theoretical foundation for CAT-ASVAB adaptivc testing.

CAT-ASVAB System Concept
In orler to propose a system concept/dcsign for a Local CAT- ASVAB Network (LCN), it

is necessary to have available a set of specifications and standards for the performance of the
system once implemented. Fortunately a government-specified set of performance standards
exists, and it has been documented in the CAT-ASVAB Stage 2 Full Scale Development (FSD)
Request for Proposal. This document outlines the functional requirements for the development
of computer hardware specific to CAT-ASVAB functions. Before the FSD is implemented, an
early, smaller-scale development known as the Accelerated CAT-ASVAB Projcct(ACAP) will
be completed to provide pilot data in support of the CAT Stage 2 FSD. The scope of the
ACAP effort will conform as much as possible to the CAT-ASVAB Stage 2 FSD. However,
the CAT- ASVAB function- co be addressed under ACAP will be dependent on the computer
hardware design that is selected. Unlike the FSD, it is not a goal of ACAP to develop com-
puter hardware specific to CAT- ASVAB functions. Rather a system design will be selected
from a set of candidate designs, and then commercially-availablc computer systems will be sur-
veyed in order to identify the most appropriate system to meet the functional requirements of
CAT-ASVAB.

CAT-ASVAD Operational Requirement
The primary requirement of the CAT-ASVAB System is that it be capable of administering

a battery of instruments, equivalent to the present components of the P&P-ASVAB. The
current production battery (P&P- ASVAB) includes 10 tests; eight of these arc cognitive power
tests; two are speeded tests. However, once it is implemented, CAT-ASVAB will be capable
of administering other cognitive and non-cognitive operational and experimental instruments,
as determined by DoD policy.

At present, 20 percent of the production P&P-ASVAB testing occurs at MEPS; the remain-
ing 80 percent occurs at MET test sites.
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MEPS P&P-ASVAB testing is currently but one part of the processing of appli,:ants for

enlistment, and it occurs at fixed-site locations in relatively controlled environments. Experi-
enced and wcll-trained examiners conduct the testing sessions. In contrast to the MEPS testing
environment, the MET site testing is, in a large number of cases, administered by an Office of
Personnel Management (OPM) employce working under a service agreement with DoD. For
the most part, MET site testing is conducted in borrowed facilities on an ad-hoc basis.
USMEPCOM has no permanent control over the MET facilities, and no authority to modify
them. Thus, the CAT-ASVAB System will be required to be used by non-USMEPCOM exa-

miners who must set-up and take- down, possibly even transport, the CAT-ASVAB testing
equipment to and from non-USMEPCOM facilities as required to support examining schedules.

Functional Requirements
Based on the functional specifications stated in the CAT Stage 2 RFP, it is intended that a

Local CAT Nctwork(LCN) be developed that would permit the administration of CAT-
ASVAB to civilian applicants at any of the MEPS or MET sites within CONUS. An LCN
would consists of (up to 24) Examinee Test (ET) Stations linked to a single Test Administra-

tion (TA) Station via a hard-wired electronic telecommunications line. In addition, a Data
Handling Computer (DHC) would reside at each MEPS to support the tclccommunications
function among LCN units located at the MEPS and the MET sites for that MEPS, and with
USMEPCOM MEPS computer systems to be used for archiving CAT-ASVAB data.

MEPS Sites. The functional capability that is required at the MEPS, in terms of
psychometric testing, is identical to that required at the METS. Specifically, MEPS equipment
is stationary, but identical to MET site equipment. Identical LCN components at MEPS and
MET sites arc necessary to accommodate the equating of CAT-ASVAB, commonality of
equipment for software and hardware maintenance purposes, and to permit the cost effective
sharing of equipment across both types of sites. In contrast to most MET sites, each examiner
at a MEPS testing site must be able to monitor up to 24 ET Stations in any LCN.

The MEPS site implementation of CAT-ASVAB must also include a DHC unit. The main
function of the DIIC is to collect data daily from each LCN within the associated MEPS

administrative segment, including LCN's located at MET sites. Data is transmitted to the
DHC either over a hard-wircd connection ( in the case of MEPS LCN's) or modems in the case
of MET LCN's.

MET Sites. At the MET sites, transportable computer systems will be used to administer
CAT-ASVAB. The hardware configuration is to be based on the concept of a "generic" LCN.
This generic LCN will consist of six ET Stations being monitored by a single TA Station,
including any peripheral equipment. Note that many more (up to 24) ET Stations must be

monitored by a single TA station and still maintain CAT-ASVAB performance requirements.
In addition, it is important that the selected equipment support the CAT- ASVAB Stage 2 por-

tability requirements; i.e., number of packages and weight requirements for a generic LCN (no

more than eight components weighing a total of no more than 120 lbs., each component weigh-
ing 23 Ibs). Environmental preformance requirements such as temperature, humidity, etc.

must also be met.

The computer hardware configuration for an LCN may be described as follows: Each ET
Station would consist of a response device, a screen display, and include access to sufficient
RAM and/or data storage to permit the administration of any CAT-ASVAB test; the amount
of RAM required depends on the particular application software and networking design being
used to implement the functions. Each ET Station would be tied into a TA Station by net-

working cables; the TA Station being essentially an ET Station with a mass storage device and

full-sized keyboard attached. Finally, a singlc(very portable) printer and modem for the TA
Station would complete the complement of equipment composing the LCN.
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The operational requirement for an LCN is to administer CAT-ASVAB to those military
applicants scheduled for testing at the MET site. Initially, an Office of Personnel Management
(OPM) examiner may be required to pick- up the LCN equipment at a staging area; if it were
not secured at the testing site itself. The equipment would be transported to the test site, car-
ried from the vehicle to the test site, and configured, ready for testing by the examiner. Once
all examinces have completed testing, the examiner will attempt to tclccommunicate examinee
personal and test item response data to the DHC unit at the associated MEPS. This will be
done using a modem and dial-up telephone line, if available at the test site. If this is not possi-
ble, the data will be transfcrrcd once the equipment is :cturncd to the staging area.

Finally, if the equipment were not secured at the testing site, the examiner would package
the equipment into transportable packages, carry these packages to a vehicle, and return the
equipment to the staging area.

Design Considerations

It can be concluded from the survey of the requirements for developing a CAT-ASVAB
System, that design efforts must be focused on the requirements for a generic LCN. This
mainly includes the portability and functional capability of an LCN.

Portability. With respect to the portability aspect of an LCN, it should be clear that thr
response of the ACAP system to this requirement will be contingent on the capabilities of
currently available commercial computer hardware. The ACAP System will not include the
development and/or the building of computer systems to meet CAT-ASVAB needs, but rather
will use commercially available computer hardware to support the accelerated field- test effort.

On-Line Data Storage. The on-line data storage requirement is the factor which will most
influence the selection of computer hardware to support the ACAP System development.
On-line data storage requirements will also significantly impact upon the design of the software
for the ET, TA, and DHC units. The TA and ET Stations must have access to the on-line

storage of two Forms of the CAT-ASVAB. Based on an estimate of 100 items per test, each
Form will require approximately 850 Kilobytes (KB) of storage; assuming that the data is
stored as a sequential file or equivalent. Actual data storage requirements would be 30-50%
higher if the system design required that the data be stored as a random access file. Only one
Form must be available to an ET Station during a test session. Additional storage for use by
the TA and ET Station will have to be allocated for two experimental item pools, of 170 KB
each (one pool for each form); an experimental item set derived from the experimental item
pool, (10-125 KB); application software (approximately 250 KB per unit); two survey question-
nairc item banks, 80 KB for both questionnaires; and examinee personal data such as informa-
tion required on the USMEPCOM 714-A Form; and examinee personal and test item response
data, 15 KB per examinee.

Test Administration Time. Depending on the network that is proposed to support ACAP, the
time required to administer a CAT-ASVAB test could also affect the minimum response time
required to have test data for the next item available at ET Stations.

Candidate Local CAT-ASVAB Network Designs
Using the preceding design considerations as a guide, the current commercial market in

portable ( or, at least, transportable) computer systems indicate that there arc three basic
designs upon which to develop a workable ACAP System. For the purpose and scope of the
ACAP effort, the discussion will be focused upon the storage (and retrieval) capability of the
candidates with respect to the 850 KB test item bank. It should be remembered that the
important consideration is that the examinees have available (within the response time specified
in the Stage 2 RFP), the correct test item as dictated by the underlying item selection strategy
being used at the time.
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The basic designs to be discussed arc generic designs and, as such, may not be entircly
rcprcscnted by an actual example on the commercial market. The examples provided arc those
systcm dcsigns that come very close to reprcscnting the generic dcsign being discussed.

Design W I - CAT-ASVAB !ttts Stored on Removable Media
In this type of deig,,, each ET Station would consist of sufficient internal storage on

removable media (e.g., 3 1/2 in. micro-floppy diskettes) to accommodate the storage of the
entire test item bank. Internal RAM would be about 512 KB. Necessarily, the test item bank
files would have to be encrypted or 'scrambled* on the removable media. The ET Station
would be very portable and weigh from 11-17 lbs., and include a flat panel Liquid Crystal
Display (LCD), clcctroluminesccnt, or cqumvalent low-weight display. The comp'.,.r system
that may currently best illustrate this hardware configuration is the Data General/O.:e.

The main advantage to this type of configuration is that it is basically a very portable sys-
tem. The total weight for a generic LCN could be as low as 80 lbs., including seven very tran-
sportable components (assuming that the LCN Networking requirement was suppressed).

There are many disadvantages to this design.

1. Security. The entire test item bank must reside on the removable media, necessarily jeopar-
dizing the security of the test itcm bank files.

2. Media Updating. Each ET Station will require two removable diskettes installed in the disk
drives to accommodate CAT-ASVAB tcsing. If this design were going to be installed at the
ACAP ficld-tcst MEPS, and MET sites, approximately 400 ET Stations would be involved.
This would require 800 micro-floppy diskettes to be inventoried and secured; a very large media
creation, distribution, and security problem each time the test item bank is updated.

3. Ease of Use. Use of a removable storage media will require a significant amount of operator
intervention to inscrt/rcmovc diskettes. For each ET Station, two movements arc required to
"boot" the computer and to receive testing software. Eight diskette movements arc required
to transfer the examinee's response data to the examiner's work diskette; two movements can
be avoided for subsequent examinees. A MET site LCN tcsting 10 individuals with six ET Sta-

J tions available would require at least 100 movements.

4. Maintenance. Since the micro-floppy drives are in constant use during the testing process,
system maintenance may be higher than some other configuration in terms of disk drive mainte-
nance and diskette replacement. Each test item being displayed will require at least o'ie disk
access.

Design # 2 CAT-ASVAB Items Stored on a Central File Server
This type of LCN design is configured around a central file server (e.g., a hard disk) which

acts as the repository for the CAT-ASVAB item banks and supporting data files. In this type
of design, the capabilities of the network supporting the movement of data from the file server
to each examince station is of paramount importance. A minimal amount of RAM is available
at the ET Station (less than 512 KB), with perhaps one internal floppy disk drive available. A
central file server is required because each ET Station cannot support the entire requirement of
data storage without adding significantly more components to the overall network. Typicall),
the ET Station is bulkier and may not support the latest flat screen technology; e.g., LCD or
clectrolumincscent displays. The Macintosh Computer by Apple Corp. is an example of this
type of design. In general, any configuration of equipment requiring a central file server would
be an example of this design.

Perhaps the main advantage to this type of network is that a very sophisticated networking
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capability must be installcd in order to 'make it work'. Because this capability is available, one
could, (theorctically) also install a TA Station monitoring capability. The monitoring capabil-
ity would have to be installed in such a fashion so as not to compromise the response time
requirements for the display of test items at the ET Stations in the LCN. Admittedly, the
monitoring function could be potentially very useful at certain large MEPs. in which many
examinees arc being examined simultaneously. Unfortunately, this is also the situation in which
the ET Station rcsponse time requirement would be most compromised. However, this system
could be the least expensive of the networks being investigated. The cost of the file server
could be distributed over each ET Station which could function without any removable media
being available. Another advantage (as opposed to Design #1) is that the movement of test
item bank data and/or examince response data to/from the ET Station is automatic and does
not require examiner intervention. Once the network is set-up and working properly, the
examiner's tasks arc minimized with respect to data movement requirements.

The main disadvantage to this design is concerned with the reliability of the file server
itself; when the file server fails. the entire network is inoperable. To meet the CAT-ASVAB
Stage 2 reliability requirements, it will be necessary to include two identical such in the LCN.
This means that the system is heavy, environmentally intolerant, and requires a large number
of components to be transported. In addition, for MET sites in which the equipment has to be
assembled, and disassembled, during each testing session, a heavy requirement will be placed on
the examiner to serve as a computer operator. This could conceivably result in a
reclassification of the OPM examiner position.

Another disadvantage is that the system resoonse time and monitoring requirements arc
functionally related in Dcsign#2. It is very difficult to imagine a network operating system
that can simultaneously accommodate these requirements in a fully loaded LCN; 24 ET Sta-
tions attached to a singlc TA Station. What is the maximum response time at any ET Station
when all examinecs are requcsting items (simultaneously) from the same source (i.e., file
server)? Note that sufficient time must also be allowed for dc-encryption of the items before
display, as well as dccomprcssion of graphics items, as necessary. In summary, another disad-
vantage of Design # 2 is that the maximum system response time is relatively large compared
to other system designs, and therefore is a potentially compromising consideration relative to
hardware selection for purposes of ACAP.

Design # 3 - Test Item Banks Stored In Examinee Test Station Random Access Memory
The TA and ET Stations in this design would consist of a large amount of internal RAM,

on the order of at least 1.5 MB. The ET Station would be supported by one micro-floppy drive
and probably include the latest in elcctrolumincsccnt or LCD display. Therefore, for purposes
of recovery due to network failure, the ET Station would be very responsive as it is capable of
operating independently. In addition, as a networking capability will be available, the TA Sta-
tion could perform the functions of an 'electronic" file server. Total RAM available on the
TA Station could be 1.5 to 3.5 MB (preferably higher); allowing for great flexibility in the total
number of alternate forms available during any one test session.

Note that several removable media arc required in order to 'boot" the systems. However, a
total of no more tha- TWO micro-floppy diskettes are required to store the test item banks
(per Form) and supporting data files; each ET Station would also require one micro-floppy to
be installed as a "working" diskette for failure recovery purposes. Normally (after initial
'boot-up" at the beginning of a test session), no micro-floppy diskette movements are required
by the examiner; i.e., the network would accomplish all data movements.

The main advantage of this design is that it offers a large degree of flexibility with respect
to design options. The ET Stations are capable of operating as stand-alone devices and, as
such, it is virtually impossible for an examinee's test session to fail to be completed; each ET
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Station backs-up every other ET Station. For this reason, and as it minimizes accesses to a
mechanical device, Design 0 3 should be the most reliable of the network designs discussed. In
addition, this design offers a very high level of security. Once power is removed from the com-
puter, the volatile random access memory (RAM) is erased. This provides dependable security
for the test i-cm banks. Furthermore, as noted above, only two removable micro- floppy
diskettes are rcquircd per form; regardless of the number of stations in the LCN.

Another important consideration. in comparison to Design # 2. is that the LCN monitoring
and the system response time requirements arc not functionally related. In addition, it is possi-
ble to configure a collection of computer hardware for Design 0 3 that permits the entire 850
KB test item bank (for a form) to reside at the ET Station. Therefore, the response time
required to display test items will be network independent. The item display process will be
accomplished at RAM speed, resulting in a maximum response time that is on the order of mil-
liseconds, as opposed to seconds.

Generally speaking, up to failure recovery. during actual test administration, the advantages
of Design 0 3 include: a) no removable media are requires, b) minimization of the need to use
mechanical devices, c) a high level of security for test item banks, d) excellent system response
time characteristics, and c) de-cncryption of test item bank need occur but once; when this
information is initially transferred to the 'electronic' file server. In addition, some of th.-
better features of Design # 2 arc also characteristic of this design: a) examiner intervention to
move data in an LCN is not required, and b) TA Station monitoring capability can be
automated.

The primary disadvantage of this dcsign is that it does tend to cost more than some alterna-
tives. Howevc, it is ccrtainly truc that th- cost of computer hardware is decreasing. Another
disadvantage is that there is only one viable candidate system on the market that would come
close to exemplifying this design; that being the Hewlett-Packard Integral Computer. This sys-
tem is currently capable of 1.5 MB of internal RAM (to include a networking interface card),
with a single 3 I2 in., 710 KB capacity, micro- floppy. Finally, in the case of the Integral, the

ET Station would be somewhat heavier than some alternatives, weighing approximately 23 lbs.
(assuming that the printer is removed).

Recommendations.
Of the three Designs discussed, the authors recommend Design # 3. They believe that it

will give the Government the greatest amount of flexibility as the ACAP system is field-tested
and the LCN configuration needs to be adjusted to accommodate future requirements. In
addition, this design offers a system with the greatest amount of reliability and test item secu-
rity. No mechanical devices are required to maintain normal CAT-ASVAB testing (up to
recording examinee data on the micro-floppy associated with an ET Station for back-up pur-
poses in the event that station fails during a test session). Test item bank data will be stored in
volatile RAM instead of removable media, insuring the erasure of this sensitive information
immediately when power is removed.
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A Validity Study of the Computerized Adaptive Testing Version
of the Armed Services Vocational Aptitude Battery

Kathleen Moreno & Daniel 0. Segall
Navy Personnel Research & Development Center

William F. Kieckhaefer
RGI, Incorporated

PURPOSE

The purpose of this study was to assess the construct and predictive vali-
dity of a Computerized Adaptive Testing (CAT) version of the Armed Services
Vocational Aptitude Battery (ASVAB). This study was conducted as part of
an effort to evaluate CAT-ASVAB as a replacement for the paper-and-pencil
ASVAB (P&P-ASVAB).

BACKGROUND

Over the past decade numerous empirical studies have been conducted to
evaluate the construct and predictive validity of adaptive aptitude testing
(Sympson and Moreno, 1985). Overall, the results of these studies indicate that
adaptive testing is as valid as conventional, paper-and-pencil testing. However,
the majority of these studies were conducted using verbal ability or arithmetic
reasoning tests. Very little research has been conducted using aptitude tests
measuring other types of ability.

The battery of interest in this study, the ASVAB, consists of tests measur-
ing ten types of ability. The ASVAB is used by all military services for selec-
tion and classification of military applicants. This study examined the con-
struct arid predictive validity of all ASVAB tests.

APPROACH

Examinees

Examinees were military recruits scheduled for training in one of the mili-
tary service specialties selected for inclusion in this study. Over all services,
7,515 examinees were tested. Sample sizes for each specialty are shown in
Table 1.

Tests

P&P-ASVAB. The P&P-ASVAB is a group-administered, conventional
battery in which all examiiaees answer all items in the same sequence. The
P&P-ASVAB consists of eight power tests and two speeded tests: General Sci-
ence (25),1 Arithmetic Reasoning (30), Word Knowledge (35), Paragraph

Values in parentheses are test lengths.
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Comprehension (15), Auto and Shop Information (25), Mathematics Knowledge
(25), Mechanical Comprehension (25), Electronics Information (20), Numerical
Operations (50), and Coding Speed (84). There are six parallel forms of the
P&P-ASVAB. This study used forms 8A and 9A. Number correct scores
served as estimates of ability.

CAT-ASVAB. The CAT-ASVAB used in this study is an experimental ver-
sion designed to measure the same abilities as those measured by the P&P-
ASVAB. There are nine power tests and two speeded tests: General Science
(197),2 Arithmetic Reasoning (166), Word Knowledge (194), Paragraph
Comprehension (95), Auto Information (179), Shop Information (189),
Mathematics Knowledge (135), Mechanical Comprehension (70), Electronics
Information (168), Numerical Operations (50), and Coding Speed (84). The
nine power tests were administered adaptively using maximum information
item selection and bayesian scoring. All power tests were terminated at a fixed
length of 15 items, expect for Paragraph Comprehension, which was terminated
after 10 items. The two speeded tests were administered in a conventional
manner, with the test terminating after a fixed time. For the speeded tests,
number correct scores were used to estimate ability.

Criterion Variables
Since each service has numerous training schools, prediction of perfor-

mance for only a selected number could be assessed in this study. Schools
were selected so that a wide variety of specialties would be represented. In
addition, since military services use composites of test scores for selection and
classification, schools were selected so that school composite scores would span
all ASVAB tests. Table 1 lists the selected specialties and the criteria used for
each specialty. For the majority of specialties, final school grade (FSG) or
time to completion (TC) was used. However, for some specialties these meas-
ures were not available. In these cases, analyses were performed to determine
which measure should be used.

Procedure

Examinees were tested approximately two weeks after arrival at a recruit
training center, prior to entrance into training schools. Examinees were group-
administered the experimental CAT-ASVAB and those P&P-ASVAB tests that
were used in computing a recruit's school selection composite score. The tests
were counter-balanced so that half the examinees took CAT-ASVAB first and
half took P&P-ASVAB first. The CAT-ASVAB was administered using Sanyo
monitors and Apple III computers networked with a Corvus hard-disk drive.

Pre-enlistment ASVAB scores were collected on all examinees from DD
forms 1966. School performance data were collected after examinees had com-
pleted training.

2 Values in parentheses are item pool sizes.
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Data Analyses

Predictive Validity. For each of the selected specialties, composite scores
were computed from CAT-ASVAB standardized scores and from P&P-ASVAB
standardized scores. Validity coefficients were obtained for each test version
by correlating school composite scores with school performance data. In order
to test for significant difference between test versions, t values were computed.
Since examinees in this study were a selected sample from the military appli-
cant population, validity coefficients were corrected for range restriction using
a multivariate approach (Lawley, 1943). No significance testing was performed
using corrected validity coefficients.

Construct Validity. For each service, the intercorrelation matrix of CAT-
ASVAB and P&P-ASVAB test scores was factor analyzed using the principal
axes method, followed by a varimax rotation to simplify the factor structure.

RESULTS

Predictive Validity

Table 1 shows the validity coefficients obtained using CAT-ASVAB and
P&P-ASVAB. Significance tests revealed no differences between the validity
coefficients for the two test versions, even though CAT-ASVAB tests are
much shorter than P&P-ASVAB tests.

Construct Validity

Table 2 shows the results of the factor analysis using data from the Air
Force sample. Four factors were extracted, based on an eigenvalue of 1.0 or
greater. These factors have been labeled as technical, verbal, mathematical,
and speeded factors. As shown, the CAT-ASVAB tests had similar loadings to
those of the corresponding P&P-ASVAB tests. Findings were similar for the
other three services.

CONCLUSIONS

These results suggest that CAT-ASVAB is a viable alternate to P&P-
ASVAB. In this study, CAT-ASVAB tests seem to be measuring the same
abilities as the P&P-ASVAB tests and predict school performance as well as
P&P-ASVAB tests, even though CAT-ASVAB test lengths are much shorter.
However, before replacing the P&P-ASVAB with CAT-ASVAB, the two ver-
sions should be compared in terms of differential prediction by test version and
subgroup membership. Such analyses are currently being performed at
NPRDC.
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Table I

Validity Coefficients for CAT-ASVAB and P&P-ASVAB

Validity Coefficients

Sample
Specialty Criterion Size CAT-ASVAB P&P-ASVAB

NAVY
Radioman TC 186 -.41 (-.69) -.40 (-.68)
Mess Management FSG 170 .45 (.74) .40 (.71)
Hospital Corpsman FSG 192 .56 (.77) .60 (.80)
Electronics Tech. TC 143 -A1 (-.80) -.46 (-.83)
Hull Maint. Tech. FSG 170 .35 (.75) .35 (.75)
Sonar Tech. FSG 205 .46 (.79) .46 (.80)

AIR FORCE
Avionics FSG 147 .56 (.80) .56 (.80)
Administration FSG 208 .22 (.57) .15 (.53)
Aircraft Maint. FSG 245 .54 (.81) .49 (.79)
Medical FSG 95 .64 (.87) .62 (.86)
Security Police FSG 456 A9 (.78) .45 (.77)

MARINES
Avionics FSG 228 .49 (.81) .48 (.81)

TC 228 -.58 (-.84) -.54 (-.84)
Administration

Lejeune FSG 72 .14 (.32) -.05 (.13)
Pendelton FSG 39 .22 (.49) .29 (.56)

Aircraft Mech.
School I FSG 181 .34 (.54) .30 (53)
School 2 FSG 69 .50 (.70) .47 (.70)

Motor Transport FSG 151 .29 (.47) .30 (.48)
Combat Engineer Sum(All) 123 .69 (.82) .66 (.80)
Field Radio Opr. Sum(1-4) 128 33 (.43) .21 (.37)

Sum(5-8) 128 .06 (.46) .09 (.47)

ARMY
Infantry Sum(All) 329 -.24 (-.34) -.28 (-.36)
Mechanic

Fort Dix Average 198 .57 (.74) .59 (.76)
Fort Jackson PC 186 .35 (.52) .3 (.54)

Motor Transport Sum(All) 277 -.47 (-.63) -.44 (-.63)
Administration Wtd Sum 145 -.35 (-.64) -.44 (-.72)
Telecom. Opr. Sum(All) 169 .15 (.28) .22 (.32)
Medical FSG 225 .63 (.85) .59 (.83)

Note. TC is the time for course completion; FSG is a final school grade; Sum(All) is
a sum of training module scores; Sum(1-4) is a sum of scores on training modules one
through four; Sum(5-8) is a sum of scores on training modules five through eight;
Average is an average of the scores on all training school modules; PC is a percent
correct score on the end-of-course test; and Wtd Sum is a sum of module scores
minus a weighted typing score.

Numbers in parentheses are validity coefficients corrected for restriction in range.
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Table 2

Results of a Factor Analysis of CAT-ASVAB
and P&P ASVAB Scores from an Air Force Sample

Varimax Rotated Factor Matrix

Factor 1 Factor 2 Factor 3 Factor 4
(Tech) (Verbal) (Math) (Speeded)

P&P-ASVAB

AR 28 .15 .66* .31
WK .17 .82* .08 .05
PC .16 .50* .13 .16
NO -.07 .00 .24 .70*
GS .40* .63* .22 -.01
CS .00 .01 .06 .71"
AS .82* .14 -.01 .00
MK .17 .25 .80* 23
MC .65* .21 .36* -.01
El .61" .32* .19 -.03

CAT-ASVAB

AR .31" 27 .71" .22
WK .15 .85* .16 .03
PC .17 .68* .23 .13
NO -.03 .13 26 .65*
GS 33* .73* .28 .00
CS -.03 .10 .08 .71"
AS .90* .15 .09 -.02
MK .08 .29 .74* .23
MC .66* .22 .30* -.03
El .64* .42* .26 -.08

*factor loading > 30
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Assessment of the Unidimensionality of CAT-ASVAB Subtests

Mary K. Schratz
Navy Personnel Research and Development Center

San Diego, California 92152-6800

Background
A joint-service project is underway develop a computerized adaptive

testing version of the Armed Services '.ocational Aptitude Battery (CAT-
ASVAB). CAT-ASVAB is intended to replace the paper-and-pencil ASVAB
(P&P-ASVAB), used by the four military services to select and classify appli-
cants. The present P&P-ASVAB battery consists of ten aptitude subtests. These
subtests, and the number of items included in each for a given form of P&P-
ASVAB, are listed in Table 1 below.

Table 1. P&P-ASVAB Subtests and the Number of Items Included per Form

Subtest Number of Items

General Science (GS) 25
Arithmetic Reasoning (AR) 30
Word Knowledge (WK) 35
Paragraph Comprehension (PC) 15
Numerical Operations (NO) 50
Coding Speed (CS) 84
Auto and Shop Information (AS) 25
Mathematics Knowledge (MK) 25
Mechanical Comprehension (MC) 25
Electronics Information (El) 20

The Numerical Operations and Coding Speed subtests are speeded measures;
all other subtests are power measures. All examinees taking a given P&P-
ASVAB form are administered the same set of test items in all subtest 4reas.

While CAT-ASVAB is intended to measure the same subtest areas as
P&P-ASVAB, the power subtests of CAT-ASVAB will be administered adap-
tively. Within each power subtest, different items will be selected for computer
administration to examinees, depending on their performance on previously
administered items. The testing process is thus individualized for examinees.

The Problem
The theoretical framework supporting the adaptive testing process to be

implemented in CAT-ASVAB is item response theory (Lord, 1980). The item
response theory methods to be used assume that each subtest is unidimensional.
The outcome of this assumption is that each item included in a given subtest
should measure the same unitary construct, in addition to having specific and
error variance components associated with it. The Committee for an Evalua-
tion Plan for the Computerized Adaptive Vocational Aptitude Battery (Green,
Bock, Humphreys, Linn, & Reckase, 1982) states that unidimensionality is
always advisable for tests of ability, but is more important for adaptive tests.
Though some may be of the opinion that the IRT model to be applied in
CAT-ASVAB is strong enough to counteract potential problems with respect
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to multidimensionality in CAT-ASVAB subtests, further study of ihis problem
is necessary. Unidimensionahty may be considered an important problem for
an adaptive test because different items are administered to examinees. For a
traditional test such as the P&P-ASVAB, all examinees are presented the same
test items, and are given an equal opportunity to respond to them irrespective
of their dimensionality. The individualized nature of adaptive tests may raise
questions related to test fairness. The present paper describes the approach to
be taken, progress, and plans for dimensionality analyses of CAT-ASVAB
items.

Approach
A recent advance ili the development of factor-analytic approaches to

exploring test dimensioim ,y is "full-information item factor analysis." Bock,
Gibbons, and Muracki (1935) contend that of the various methods that have
been proposed for investigating dimensionality of item sets, item factor
analysis is the most so-t'rive and informative. This method of item factor
analysis is based on iherr, response theory; it uses all data as distinct item
response vectors. "I hur.,to.c's multiple factor model is used. The procedure is
implemented by rnargi-mi, maximum likelihood estimation and the EM algo-
rithm. Statistical sigpififwrce of the addition of successive factors to the model
is tested by a likelihood ratio criterion. Provisions for the effects of guessing
on multiple choice it(-ms, and for omitted and not reached items, are included.

One of the applications of this methodology to real data, presented by the
authors as evidence for the accuracy and practical utility of the method, is an
analysis of the power subtests of P&P-ASVAB. The analysis was conducted in
a ten-percent random sample of data from the Profile of American Youth
Study. The number of cases used in the analysis was 1,178, drawn from a total
sample of 11,817 subjects. The details of the item factor analyses are presented
in the Bock et al. (1985) report. For the purposes of this presentation, the
results obtained for P&P-ASVAB are relevant to the selection of and applica-
tion of an approach for studying test dimensionality in the intended replace-
ment battery, CAT-ASVAB. Thus they will be described briefly.

For the P&P-ASVAB General Science test, Bock et al. (1985) found two
significant factors; one factor was interpreted as a physical science factor and
the other factor was interpreted as a biological (or health science) factor. Two
factors w-re also found for the Arithmetic Reasoning subtest. While the
second factor found was a minor one, the authors have interpreted it as a busi-
ness arithmetic factor. For the Word Knowledge subtest, clear evidence for a
second factor was found, though the factor has no apparent relationship to
item content. For the Auto and Shop Information subtest, the authors found
clear evidence for two factors separating the two types of items. For the
Mathematics Knowledge subtest, two significant factors were also found; one
factor involved items requiring knowledge of formal algebra and the second
factor involved numerical caculation and mathematical reasoning. Only one
factor was found for the Paragraph Comprehension, Mechanical Comprehen-
sion, and Electronics Information subtests.

Bock et al. (1985) conclude that the applications of the procedure reported
in their paper show that, for moderately large samples, minor factors can be
detected. The procedure is recommended as an exploratory technique in
searching for item features that are responsible for individual differences in
cognitive test performance.
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Given the reported adequacy and practical utility of the full-information
factor analysis approach to the detection of multidimensionality in item sets,
and the indications of multiple factors found by Bock et al. (1985) in the sub-
tests of the P&P-ASVAB battery which CAT-ASVAB is intended to replace,
NPRDC plans to make use of this procedure in study-ng the dimensionality of
the CAT-ASVAB items.

Progress and Plans
One of the requirements of the adaptive testing process is the develop-

ment and calibration of a large bank of test questions, covering a wide range
of difficulty for the intended test-taking population, for use in the item selec-
tion process. In a study carried out by the Air Force Human Resources
Laboratory, and conducted under contract by Assessment Systems Corpora-
tion, a bank of 2,118 test items intended for operational use in CAT-ASVAB
was developed and calibrated in 1983. This bank of test questions covers all of
the P&P-ASVAB power subtest areas, with more than 200 items developed for
each subtest. On the basis of statistical and judgemental criteria, items will be
selected from the total number available for inclusion in the final CAT-
ASVAB battery. One of the criteria for accepting an item for inclusion in the
final battery is measurement of a one-dimensional universe represented by a
pool of items. This pool may represent a subtest, or, alternatively, a subset of
items within a subtest. From unidimensional pools of items, individual test
items will, of course, be selected for administration to examinees in the adap-
tive testing process.

Preliminary full-information item factor analyses of one of the more
suspect subtest areas of the CAT-ASVAB item bank, given the results of Bock
et al. (1985), have been conducted. Analyses of the General Science items indi-
cate that indeed the item factor analysis procedure is sensitive to the presence
of minor factors in the data. The CAT-ASVAB General Science items were
developed to measure three main subject areas: (1) Life Science; (2) Physical
Science; and (3) Earth Science (Prestwood, Vale, Massey, & Welsh, 1984).
Items were randomly assigned to four test booklets for calibration purposes
and approximately 2,500 examinees were tested with each booklet. Inspection
of the indivtdual items, the content categories which they were written to
represent, and the preliminary item factor analysis results suggests some clus-
tering of items in terms of subject matter. Where a preponderance of items of
one type have been assigned to a booklet, the procedure appears to be sensitive
to the detection of minor factors.

It is NPRDC's intention to conduct full-information item factor analyses
for each power subtest to be included in the CAT-ASVAB battery. This will
be done in a joint calibration analysis of both the CAT-ASVAB items and
P&P-ASVAB items for each subtest. While CAT-ASVAB is intended to
replace P&P-ASVAB, both batteries will concurrently be administered in an
operational setting. CAT-ASVAB subtest scores must be scaled to those of
P&P-ASVAB and, as is the case for the present P&P-ASVAB, a single CAT-
ASVAB score will be generated for each subtest. The joint item factor analysis
of CAT-ASVAB items and P&P-ASVAB items for each subtest is expected to
result in as many or more factors than those determined for the corresponding
P&P-ASVAB subtes' ,lone. Where more than one dimension is present, the
joint calibration will ,low for transformation of the resulting item parameters
to congruence with those parameter estimates obtained from the analysis of
P&P-ASVAB items alone. Dr. Bruce Bloxom of Vanderbilt University is
presently working on a procedure for combining m multidimensional ability
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scores into a single score compai able to that obtained on P&P-ASVAB.

Recommendations
The individualized nature of adaptive tests raises interesting test develop-

ment issues related to test fairness. The adaptive testing process to be imple-
mented in CAT-ASVAB is supported by item response theory methods which
assume that a single underlying trait is measured within a subtest. Bock et al.
(1985) have provided a promising procedure for investigating conformance to
this assumption. It is recommended that the full-information item factor
analysis approach, currently being used as an exploratory technique in the
development of CAT-ASVAB item pools, be considered for use in other test
development applications involving item response theory methods.
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SEX DIFFERENCES IN IRT TRUE-SCORE EQUATING

Daniel 0. Segall
Navy Personnel Research and Development Center

William F. Kieckhaefer
RGI, Incorporated

Kathleen E. Moreno
Navy Personnel Research and Development Center

Introduction

The current Armed Services Vocational Aptitude Battery (P&P-ASVAB) is a
paper-and-pencil test with a fixed sequence of test items. The Navy Personnel
Research and Development Center is developing a computerized adaptive version
(CAT-ASVAB) as a possible replacement for that test. The CAT-ASVAB will tailor
the difficulty of the test items administered to the individual from responses to earlier
items. This testing method is expected to increase the efficiency of selecting and clas-
sifying new accessions.

If the CAT-ASVAB becomes operational, it will be implemented gradually so
that some examinees will be administered the CAT-ASVAB while others will receive
the P&P-ASVAB. The two versions use different estimators of ability. The P&P-
ASVAB uses a number correct score for each examinee, while the CAT-ASVAB
computes a bayesian estimate of ability. Scores from the two versions must be
equated so that personnel selection and classification decisions do not vary between
test versions.

Braun and Holland (1982) give one definition of test equating. They adopt the
definition Form-X and Form-Y are equated on population P if the distribution of the
transformed y scores in population P is the same as the distribution of the
untransformed x scores. Applying this definition to the current problem, the CAT-
ASVAB and P&P-ASVAB are equated on population P if the distribution of the
transformed CAT-ASVAB scores in this population is the same as the distribution of
the P&P-ASVAB scores. This definition has the desirable quality of assuring equal
flow rates for the two versions of the ASVAB.

Unfortunately two tests that are equated on population P may not be equated
for various subpopulations that are included in P. Test scores that are equated for
the military applicant population may not be equated for either the population of
female applicants, or the population of male applicants.

This paper investigates the application of IRT true-score equating to the experi-
mental CAT-ASVAB. An effort is made to determine whether CAT-ASVAB scores
can be transformed to a paper-and-pencil scale without placing either males or
females at a disadvantage relative to their P&P-ASVAB scores.

Method

SUBJECTS. During April of 1984, 200 male and 200 female Army recruits at
Fort Jackson, South Carolina participated in this study. Each subject took both the
CAT-ASVAB and the P&P-ASVAB.
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SUBTESTS. The five subtests of the P&P-ASVAB selected for this study were
taken from Form 8a: Arithmetic Reasoning (AR), Word Knowledge (WK), General
Science (GS), Paragraph Comprehension (PC), and Numerical Operations (NO).

There were five CAT-ASVAB subtests designed to measure the same aptitude as
the P&P-ASVAB subtests mentioned above: AR, WK, PC, NO, and GS.

PROCEDURES. Proctors seated all subjects in the testing area for the ASVAB
and instructed them to complete the Privacy Act Statement. Then, half the subjects
took seats in the adjacent CAT-ASVAB testing area. Subjects in this condition com-
pleted the CAT-ASVAB first and the ASVAB second. Subjects in the other condi-
tion (i.e., the remaining half of the subjects) took the P&P-ASVAB first and the
CAT-ASVAB second.

Equating Transformations

Although each CAT-ASVAB subtest is designed to measure the same cognitive
ability as its P&P-ASVAB counterpart, the two versions are not on comparable scales.
The CAT-ASVAB power subtests produce an ability estimate (6) while the P&P-
ASVAB produces a number correct score (x). Although the CAT-ASVAB subtest of
Numerical Operations does produce a number-correct score similar to the P&P-
ASVAB, the method of responding has been shown to effect the CAT-NO score dis-
tribution. Thus for each content area, some method of equating the two versions is
necessary.

We used two different procedures to equate the five subtests, depending on
whether the subtest was adaptive or speeded. We used a procedure similar to one
recommended by Green, Bock, Linn, and Recakase (1985) to equate the CAT-
ASVAB power subtests. This procedure transforms the thetas into expanded
expected number correct (EENC) scores. We used an equipercentile method to
equate the CAT-NO speeded subtest. Both procedures are described in detail below.

POWER-SUBTESTS. For the power-subtests scores, we performed a two-stage
equating. First we calculated expected number correct scores for the four CAT-
ASVAB power subtests. Equation (1) transformed the estimated CAT ability, 0, for
each person a, to an expected number correct score

= Y. P(aIkbAc;), (1)
6 A -2 =1

where n equals the number of items in the P&P subtest, and P(aiA,bsk,Cik;Oa)
represents the item characteristic curve defined by the three parameter logistic model
evaluated at Oa, for item i of P&P-ASVAB form k (where k = 1,2,...,5,6)

We substituted item parameter estimates hi5 , 6,k, e (Sympson & Hartmann,
1985) for the values aik, b1A, Cik in equation (1). Then for each estimated ability, 0o,
an expected number correct score, ta, was obtained from (1).

Second, we applied a linear transformation to the scores computed from equa-
tion (1). This produced expanded expected number correct (EENC) scores that pos-
sessed the same mean and variance as the observed scores of the corresponding P&P-
ASVAB. Finally, we rounded these EENC scores to the nearest integer value to pro-
duce the CAT-EENC scores. We repeated all the ibove procedures for each of the
CAT-ASVAB power subtests (AR, WK, PC, and GS).

SPEEDED-SUBTEST. Numerical Operations (NO) was the only speeded subtest
included in this study. This subtest is not adaptive and produces a num!: ir correct

39



score.
We obtained NO-equating data from 1,364 Army recruits. Each recruit received

both versions of the subtest: (a) the CAT-NO subtest, and (b) forms 8 or 9 of the
P&P-NO subtest.

We used an equipercentile method to equate CA.-NO to P&P-NO. First, we
obtained CAT-NO and P&P-NO number correct scores at 99 different cumulative-
percentile points. These cumulative-percentile points were obtained at unit intervals
ranging from 1 to 99, inclusive. Next, we used least-squares-polynomial regression to
smooth the equipercentile-equating function. We calculated polynomial regressions of
several different orders and judged the quintic regression to provide the best fit based
on a roo:-mean-squared-error criterion. We equated scores below the second percen-
tile (of the CAT-NO score distribution) using linear interpolation from the (0,0) point
to the point corresponding to the second percentile. Then we obtained smoothed-
equipercentile estimates for each number-correct score using the estimated-
polynomial-regression equation (or by linear extrapolation). Finally, these values
were rounded to the nearest integer.

Results

Kolmogorov-Smirnov two-sample (KS) tests were used to test the difference
between the P&P-ASVAB and equated CAT.ASVAB distribution functions. KS tests
were run for all five subtests.

The total sample was first randomly divided into two groups, with the restriction
that total group size was approximately equal and the number of females and males
did not differ by more than one across the two groups. The next step computed
expected number correct (ENC) scores from CAT-ASVAB thetas for each group.
The linear transformation which transforms ENC scores to EENC scores was
estimated for each group separately. Each transformation was then used to compute
the CAT-EENC scores for that group.

Two comparisons were made: (1) a comparison of the CAT-EENC score distri-
bution of Group A to the P&P-ASVAB score distributions of Group B and, (2) a
comparison of the CAT-EENC score distribution of Group B to the P&P-ASVAB
score distributions of Group A. Differences were tested using the KS statistic. The
above procedure was repeated separately for the male, female, and combined samples.

Table I presents the results of the KS tests. Each comparison examines the
difference between the CAT-EENC (or number correct for the NO subtest) distribu-
tion function and the corresponding P&P-ASVAB distribution function. Only two
comparisons were significant at the .05 level: (1) the comparison of scores on NO for
females, and (2) the comparison involving the AFQF composite for females.

Discussion
The results of the KS analysis indicate that the IRT true-score equating pro-

cedure provides similar distributions for the two versicns of the ASVAB. Neither
males or females appear to be placed at a disadvantage relative to their P&P-ASVAB
scores.
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Table 1

Kolmogorov-Smirnov Two-Sample Tests

Comparison One Comparison Two
Sex Subtest Z Probability Z Probability

Males AR .927 .36 .480 .98
1

WK .758 .61 .478 .98

nj=72 PC .677 .75 .541 .93

n2=73 NO .883 .42 .500 .96

GS .816 .52 .715 .69

AFQT .926 .36 .500 .96

Females AR 1.178 .13 .478 .98

WK .970 .30 .904 -39

n 1=99 PC .460 .98 .547 .93

n 2
= 100 NO 1.679 .01 .676 .75

GS 1.078 .20 .901 .39

AFQT 1.444 .03 .600 .86

Combined AR .737 .65 .517 .95

WK .884 .42 .948 .33

n 1=171 PC .472 .98 .642 .81

n2
= 173 NO 1.223 .10 .684 .74

GS .476 .98 .845 .47

AFQT .802 .54 .474 .98
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Reducing the Predictability of Adaptive Item Sequences

C. Douglas Wetzel James R. McBride
.Nary Personnel The Psychological Corporation

Research F& Derelopment ('enter San Diego. CA 92101
San Diego. (A 92152

Pre% ous research into the psychometric properties of Computerized Adaptive
Te.-ting (('A') has shown that adaptive tests are much more efficient than conventional
te.,ts (e g . Wei-ss. 197-1. 1982). Different methods of adaptive te-ting vary widely in
efficiency. The most efficient are those in %which test items are chosen one at a time, in a
manner hith i.)ptimizes some function of thc differente betmeen item difficulty and the
current etit nate of the examinee's ability hlow ever. man. optimization CAT strategies
viel a predictable sequence of test items early in testing that could lead to over
exlposure of Items and posbible compromise. Thi-, is because the possible sequences of
test items form a binary tree The srane item %%ill alh a s be chosen first: only two items
can be chosen becond, and so on. As a result, all examinees who answer the first several
item,, the same %%ay wilI encounter identical sequences of test items, making compromise
easy and almost inevitable.

This repetition of predictable item sequences is illustrated in Figure I with plots of
individual examinee ability estimates as a function of test length. The course of testing
fur each examinee is traced up the page, with all examinees starting at an ability
estimate of zero prior to being gi en their first test question (i.e. item zero). It can be
been that after the first test item is administered, there are only two possible ability
estimates from right or wrong responses, and after the .econd item there are just four
possible ability estimates, and so forth. As the number of items increases, the common
1),ths show ii early in tc.ting fan out into a number of unique ability estimates. Smaller
change , iin the ability e!,tiimates are found later in testing (items 10-15) where they
"home in" on a region of the ability continuum and become more reliable.

-3 -2 2 3

Z I-i1 ] f'' j 15

\ , \\'[ /

X''6/''

-3 -2 -1

ESTIMATED ABILITY (60

'-"Figure 1. Itemi-by-itein atbilitN est.inates (0) for 75 Marine Corps recruits given a 15

I /

item adaptive t"s using Owen's Bayesian strategy (Owen, 1969, 1975)
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Tlh is situiiatloll suggests (lie need for a met hod % Iiich ret ains tilie efficiency of thle
mat hemnatically optimal adaptive st rategies. but one '% hich eliminates the occu rrence of'
predictable sequences of test items One method of avoiding p~redictable itemn sequences
IN to choose an itemn at randomn rromn amoing a set of neari optimal items InI the present
'o r K. a stratified maxinium information (S.MI) strategy was selected for extensive

,Itudy or random selection fronm several good or informative items taken at different
point-- in the sequence of itelnb A quest ion to address Is whet her this technique to
reduce thle repeated1 expos5ure of t he very l)es-t items in thle banik would reduice thle
1pychotnetrnc qutalir v or tilie resultant adaptive test, relative to several othiier adlaptive

31dcotivent ion al tes.-t strategies

APPROACH

-k t%%o -s age computer simu latrion .Ls used] to investigate the effect of v'ariouis item
selectio llst rategies, onl thle psychomietric ( liara teristics or thle resultant tests T1he first
sta:ge siinulat ion generated item parameter estimatezs %'Itit typical error characteristics.
Thi is it cii ban k was used fr th second ,,tage in simunlated adm mii1trat ions of adaptive
and convenitional tests ror normal and rectan gulan exam inee true ability d istribu tions.

Generating Fallible Item Parameter Estimates: A simulated item b~ank was
created based on real item parameters representative of a "live" testing sit uat ion TFhe
item lbaink consisted of two p~aramleters sets. t(lie "true" parameters ( (I , b , c } , and
simulated estimates ( Li . b) . c ) Unllike many synthetic item banks (e.g. Wetzel &-
Mclride, 1983). real items written for live examinees often yield unique item banks

%itout uirorm (list ribut ions lieu broken do%%n by each item aaeeadmyhv
a distinct positive correlation bet ween the ai -parameter and b -parameter r~i
(.Svmpson. W\eiss and Ree: 1982). To achieve a test information curve that
alplroxinlated that or real test items, a simulated bank was based on item p~arameters
from real test items. Estimated item parameters fromn real items were used as true
p~aranmeters ror a siimulationi or the item calibration phase. The 200 real item parameters
%%ecre obtained froml J B3. Sympson of N[iI)C from his calibration or five ASVAB

V content areas word knox~ edge, arithmetic reasoning, paragraph com prehension, general
science and, 'mathiematical ktiox~edge. These banks lhad each been calibrated wvith
LOGIST (Wood. ct al, 197C) on approximately J,500-2000 live examinees for entrance
into the armed forces. InI the present study, a stratified random samlple from these five
banks ( 970 total items. from individual banks of 180-210 ) was taken by randomly
"electinig -10 iterns from each or the five banks to yield a new combined total of 200
iterns Th'lese 3-parameter logistic estimates were then used as if they were 'true' item
parameters in a simulation in which examinees were administered all 200 items
Fxarninee item responses were simlulaited by using tlle 3-parameter logistic model
(B~irnbaumi, 1968) to generate simnulated binary responses to the test items using a
probability samp)ling technique often employed for this purpose (V'ale and WVeiss, 1975).
If a random inum flben drawn from a tin I foril d istribu t ion on the initerval (0,1) was less
Hum t lie .3-pal anecter logistic model p~robabi!lity' of a correct. response P (0), thlen the
e'caiie was credited vm th a correct answei, otlievise an incorrect. itern resb)onse was
specified The simiulated correct. and~ incorrect, itemn responses wecre created for 1500

.4 ~normally (listrnibultedl simnulhated examinees for these 200 items and] then calibrated for the
present st udy withI LOGIT' These pa ramneter estimiates were then joitied wit h the
generating " true" parameters for simumlations of thle various te'st strategie,, ,tuidicd here.

Examinee True Ability (0) Distributions: E"ach test, strategy simulation run
wscondulcted twice with 1900 simutlated exaninves (I) once with a Rectangular 0

Distribution of' IS) groups ('100 exainiees, each) 2.5 0 uinits apart over the thle interval
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-2 2', 1. - - 2 2-) t.T 0 0 ', 1) 1 36() ) :md (2) (mee mill one gi-,mp )1* 1900 h-oln :I
-1.111.1aid Vormal 1) 14,1ribation () ooo 1. " 1) () mm I

Simulation of Testing Strategies: A liv-d IvI length ill' 15 ilvin-, %%:I, clec(ed ;I-,
likillibel ''I Ilem, III N%111(11 ;Ili mlaptlNe iv-4 coklid po"Ibly ke

(cl 1900 c\.mmivvs %%erc -,jinuiated honi the IN%(j
aka Ic.,IwIlded ((- ill(- Irtic ilcm limametri-, I a h ,

"it lilt- ha'h -I' Ilut. ablhl ( 0 ) aq( .idmg lilt, 3-parainclei 1,,ghlic model An Item-
%% 11 1-14(l (-IIcI 1 Ilic pl-'hakllll ledillique dc.-,c:Ibcd ;Ib"%c Itt-Ill

-1 1.41 %%J, I ".d qt 111c c-I I [I 1a I ct I I #A 1 111](11 c I, : (i . b . : A biljl e'llillation Ill III(.
1%% l1a\- IjII 1.,I- (,cc tlcd lilt- -:1111c c., Illllalckl Item p tIjIIIl.,IvI-, v, IlNed fol Item
I, I", I 1- .11 kll It"I' be"'all \\Illl .111 abillt % v,11111.1tc (0) of 0 0 and the 1%\()
lla - Iall [cI, a- IIIIII'd all Initial 1,11"I di'1111,1111"ll of iblht \ \\Ilh \,111,111ce 1 0
I IQ I 111%cmill -I nla\lnlunl l1kchil"'d :ibilit c ,Imialc, %kvre limited io the range

300 0, . um ILI, h I"Img '"Mep is (bWAwd bckm

(bI'll*.% 1111al /?(Iyf.,I(I/l Tc't Till, :IdjpII\v stnilep cllooIe' :In Item lo
IIIIIIIIIII/c the c\p-(Icd \altIc 4.1, the pk"lcii,)r \ammtv ol' the ibdil di-4idiuli(,n (0\\vn.
I(Iwl 'III'. c-1111latc Whnibutitn) I, upd;tted ahcr em-li Item and the
P il 1:11vit 1, -.1 dic lla (,I Pl ,Iclikll (11,111bullim alc llcd :I:, pill"11110 cl., (d the 1)11()l
'll-Ild,1111" ll 1''I the !1(.\,l 11cill

Itrablied 11(ummin Ilifortimhon Te-st - Miye-smn Scoring 1 .117111-B ndaptivc
Ill( Item \\Ilh llppll,\ mmci the grealcIt Item infoinumon 1(0) ) :11 (he

111111,10 ka (-Illll c-11111,11c 0 Items im, c1cct(-d fi(nn ;I prcm-ranged "inl'urinalion
iablv A -natiOd Ws 4 inbrinalmn idue, valtalmial Or hxtql 0 leAh.
I:Jh III! id' lilt- inf()imanun I:il)l(- (onlmns information m-ImIged ill descending

d Illc \jIlic, (4, 111cil 1111*( unalvn runcons m Ili(, mi(il)oint, or or imi-io\%
II1IrI\al, -1' ;11)1111 " % In I Im, -,t 11(1\ , .36 Ili 125 \% ill(, 0 inciem ents spanned t he abilit ' \
ia ii,,, I I, -Ili -2 27) 1() 2 25 'I'll(: A )ihl v:-Amuite \%;I.,, iij)(1aled ither (-.ich itelli with the
'A liv Ila , IvNian :11)1111 c"tini'llion im -cediii-c vlupl') cd ill the 0 \\cIl'-., Ic"I ;Ibo\c 'I'll 1 ,
"'IA11-11 Itlalc., I, a 'li blld, (WctAcl k NI(Illitic. 1983) belleell pl-mlous stnitegles Ill
dial lilt, -,111w 1111, )IIII;i1i'm (allic IIIctlI()d i., cillplop.d. bill llap-siml abilil scollng 1 , 11"ed
inlad (4* nri\imum hkelih,)od ,conng (Syinp,,on. k Ree. 1982).

\c],I ,n ol, lilt, le"t m-1-c "Imulited to Ilm"'Ilple Inolmbill."tic item
cqllcll(v pl()(111ccd b ;'Ind"IlluNg we GO& anvmg lumn The 101) k ")nsvcull%(,

11, Ill, %\1111 gicatc-I 1111'klilulli'm In m l 111fol,111,111(m kildc'." list aild held Ill a
\v( I"I Olle A' divIc Z, ilcm.-, \\as then civoed randoini it li e-m-11 ol' I Ill-

Ill- 11.1\ Ili-,, 1,4111:11 1 // cIc( I 1 'lj pi")bablill It's T his landollilzm ]on m ilong the Illo"I
1111,0111:01\c .11 lil- \%1111111 :1 p\vII lhl (4, Ill 1111'(11111,111(m kildc occullcd ill the IIII closest
t,, the ( ullv;ll ablhl e'lillialc T \%() I pc-., ol, 1:111doilliz,11iol) Conditions \%vie -Iudlcd,
\\Ili, li dillei-ed Ili \%Ii(,Ihvr Av 1/1 lwobahlq ";I.,, foi Al 15 test itenv, or

a 1,1111( ll,)Il (d, Ille opicl. (4, livill wilnim-'Inilloll

Nallo, 1,(,I. \11 Ite1w, U1111111,1el-ed
1 1 1 1 1 -) I (c) 1 10 1 10 (d) 1 20 1 20 (c) 1 10 1 10

R:111,., Act.,)I-dill"', Io Te-,l Lell'olli

I I i I , I I I I (g) 1 10 1 8 1 0 1 1 1 2 1 2

I'll, 4A,11,1.11il 1:16)-, Icillmlicd the 'ame 1'oi cm-h (4* 15 Item-, adminisivi-ed
h -c) T llc 111,1 a(IIIIIIIII'g, I"Itio -,Ilalvg v (1') -,vlected Illc lir-,l item ill the Ivsl
1'1 qil Op, bcl Im. j\ Illjhlc i1vin, Ili the I iiin-nl mfoim;iti(m lable li ,l (1 5), the "N'"Ild

Item h('111 1,4,111 11 1). Iliv 11111-d h-on, iiii-ce ( 1 3), Ow lom-11i I'min onl (\\o ( 1 2), mid
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hen t he fifthI t hrough the fifteen i it ems: -v cre each thle single must in formative item
a% aiLable (I I) Thle second adjusting ratio ,t rategv (g) ubed the first four ratios slioxn
for thle first four items and then used a ratio of 1 2 for the fifth through the fifteenth

Ttin hese adljuLsting ratio strategies random ize more for early it ems since they are
most subject to cornproinist' Randoniii.it ion (lecreaseb aLs the test proceedb so thle
st rategy %%ill ,elect more appropriate items, %%hen the ability% estimate is closest to it's
terminal value

M~aximum Informilon Full Search - Bayesiain Scoring ( A!!-! ). Each item is
' Clect ed bN a search of the( cntire bank for the li it ll the greatest item information at
lie exact x aloe of the cuirrentI ebti'mated abilitY ( 9 ) I~ xasieie-yie

scar( h is made by act nally calculating it em in form at ion for 0 "on-line" each time an item
iz to be seclected (during test ad miniist rat ion This, strategy was createdl to assess anyv
effec(t of granularity in the ,TMl-13 test. %%here the 0 continuum was dlividled into
(lierete incremien ts in routidimg 0 to thec nearest .12.5 midpoint. Previous studi~ies using

he NI! st rateg hiave em ployed mnaxim imn likeliliA.)d scoring rat her than thle present.
Bayesian scorinig (e g , NieKinleyv k Reckase, 1981, Weiss. 1982).

.Stralifled .Marimnurn Iniformation 7'es - .MIixintain Likelihood Scoring I STXI-AIL
Thmis strategy employs IBa esian ability estimation until at least one correct and one
in coriec. it em i esponse Iiax e beeni obtained and, thlen uses maxim umi likelihood
estimation for thle remnaindler of t(lie items in the test. Items were selected from ali
information table calculated ox er the same .12.5 xxide 0 inicremnents used for the STNII-B3
strategy above This strategy wa-,s first used by S inpson, et. al. (1982).

1I'eills 's St'radaptit'e T'est. This mechanical adaptix ( strategy uses a pre-sorted item
p ~bank dliv'ided in to ',st rata' onl the basis cf the b -paramieter andl then arranges items

withini each stratum in de.,cending order of the x alues of their a -parameters (cf. Weiss,
197-1). There \% ere nine strata in this study, each 0.5 ability units wide, over the range
-2 23 to --2.2.5. Items \xer', selected from the top of the stack in each straturn.

* Branichinig to another st ratutm occurred after each item, branching upl one stratumn after

a correct response, anl (down one stratumn after an incorrect response.
Peaked Convtentional Test This conventional test was designed by selecting thle 15

items xx it h the greatest valties of informationi at, the central ability valtue of 0.0. All
simulated[ examinees wvere administered this same set. of 1.5 items.

Flat Convmenional 'csf This test was created by selecting the item with the
great est itvem inform at ion valueti at vachI of 15 equall) distributed ability points over the
inter\ al -2.0 to -2 0 All simulated examinees Nxere administered this same set of 15
items. with ite diniiff'ictultyv increasing as the test p~roceededl.

RESULTS

Fidelity: The c'orrela tion oi fid elity letix (cii t rtue and st~imnated ality ( r o ) for

le simint aIed te(st st rat egics \% as based onl thle normialI 0 (listri bu ion consisting of a
single grup of I1900) exain nes All coelficimi t~ we re bas"ed onl laycsia n ablility estimates,
exc(ept, the S I!ILstr'ategy xx hicli tused inaxiniuni likeliod ability estimation. All

hie optimi i'atioi strategies y cld sim i lii lid elit i(' ( Ox eli's Bayesiai J.951 } , STII-M\IL
{9501. SNII-II {.953t, NIl-I I 1)564) v ;thI the St radaplt ive test { .935 } performing

dlighit ly bet tcr thiiani t he cun ention Itl ('St l S 1epaked convyen tionia! tecst f 89:3 is loxx er

d.i an thle flat conl v'('. t ionl al ( 9221 , since the peaiked te'st does iot span the extremes of
abilit y As thle denom iniat or of t he fi xed select ion ratio in creases, thle STINII-13 test, shows
a small decrease in fidelity f 953, 955, 952, 951, .936'. buit at, L '10 it never falls, below
th" Conlven tionalIt('sts Tl' adjui~ting ratio STNII-II straitegies yield fidelities both 957
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(oiilparalble , thIle I I and 1 5 lix-d raitios mid to the( N1l-13 hill search strategy.

Average Test Information: Test information wvas employed as anl index of
pre. iloil or of ho% % %ell a set of itemis d iscrim1 in at es an ability level from nearby albility

Ve.thle reciprocal of lith, sqju are root of informinloln is iii versel- reltat ed to tile
',tadl .11( ( lC r ot :II ii at ' it v es iia a'd.198,0) It w~asued hiere .. a measuire at thle
a ppropriatene-os of thet df It enis ad iniin ist ered for a gil en truie ab~ilityV level. "Test
III foi mat ioii- { V 1 (0)~ I, l( tiesni of' tile indi~ iduial "itemi informnat ion" {I (O)} vailues
for t lie 1teiii ailiiit!c.iii an iikid i i.il e\aiincees te-t . The true item paramleters
a 11i trute exa iniin ce a Ilit vN cre used to (011ni ie thesec test, in format ion valuecs. whiichi
N% ere thleni a~ eraged *-\ er thle 100 exam inie-s at each of tile 19 levels of trite alilitv.

* ~~I' ire 2 -.hoN, tihe obt aiiied t est iniformiat ion (Lord, 1980) a' eraged over thle 100
* ~ ~ l\Il lxail n. iii each of thte 19 rect aniiar 0 (listrilmlIion grou l)s for each test. A peak is

sliox~ i arouin 11( a 0 - 1.2- %%h i( i I-, o%%ed to thle correlat ion of thle (1 - andl b-parameters
Cr .5 577. 1 059. rf - 1:1t ) Th'le inagn itide of tilie rb correlation was

ver lidarto hatobtine bxSvmpson. et. al (982).

'A%
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Figure 2. A verage test in forimitiii 'm o tes t strategie-, over 19 true ablility (0) grotips.

'I'le left -hand pan'. ,I Figu ic 7 shows tOli ad(ltive tests lto ' ie'ld more test
inl1oillwitv.1 ion11 dw aitlI tx; coil' Ciii ni~i t"sts over aI wide range of 0 ,excepting the
iweakcd ' i cliii'vn 'it-, o. at ie iiariow~ iegion aioiiid 0---0. 'I'lle conventional test~s

icprsemiit 'ow. cAtl111 (inf 1111si"'11. Ni.dlere tiesle fixed set of hesare presented
reg~illcss'lt i -'.tll of the (4O \amline oil the :lcihity continii . The S-tradapiltive
test rcliicr,11% NIded hlessc, Illt ifo)rIiat ioll thai the ot her adaptive te-sts, at lowver abl~ity

hccibcallse it used a Imchiaiiical ,tratpp~ that (lid no)1 ( orrect for puessitig. '1The 1 A1
STlN Il-H mnd ST'NI-MII, tetsx cded the best tetinfornit ion overall and were

pra-t id-allY y livalleli Ito thle B'~c' avesiaii t e';t

Thw righ t-hiand t).nd' of Vwire 2 dli,)w, eight is'usof lie maxinim information
~t rtegyusni Haxesian s',)riiig Vol thle live (olislailt1 ratio STI-3sti-ategies{1.

-~~ 1 5. I t0. I 20 k 1 to j. test inlorniit ion is dlegiadled mionotoiiicahy as- the (denominiator
Y ~of thle ratio iiiae.I e .thle ,elect ion set included items fartlie- down iii the

iiitornition talel %hi( it Iihad 1one ,ha ''mci d(l(M ilniiins., iiglici piessing anid miore

iaplrYotriate (ll11l( lilt ic'. As. the( ratio I lajges fium I ,I to I It), the amount. of

47



ob~tainedl change b)ecomies larg-er for ead i (loll Iing of the dIenom in ator. Sti bstan tial

redutction, were produced wit h thle extreme 1, 20 and 1,40 ratios, ind] a small but(
accept able degradation in test precision resu lted M~ ien 1 .5 available items xN as random ly
selected t hroughiout thle t est.

'[le reminiing tests shown in the right- handl figu re panel all yielded t est
in format ion thIiat was apjproxim at eli e same as thle STN 1-131 I I ondlit ion andl in excess
cof thle %,TN 11-1 I 5 test First, thle N 1-13 condIit ion achIiievedl no more t et in form at ion
thianii ny otlher condition. iiidicating thtie 125 xx ide increments onl %%hlich thie STNI
iniforia t onl t ab)le t e-t \\xere bImsed were ,'mall enough to clo:ely a lproiii.1t e tilis full
.;eardh cond it ion Scoiil d. thle xx o STN1I-11 adj u.-t ing select ion ratio strategies yielded
e-t information) a lplroxiniat el% equ iva lenit to the( ST NI 1-1 1 I and N11 cond~lit ions

Mxlic liused no ranudonmizat ion at all1.

CONCLUSIONS

'This wou k 'Sllge'Ied tlie following conlusions: (1) The sTnI strategy. with
BaYesilan abilitY '-st imnat ion s)eemls to work ab~out as xx elI as the best adlaptive t estilig
strategies: (2) Predictable sequences, of test items can be ax oidled by modifying 'S'PNI so
th at itenis are selected at randoni from a nearly optini al set, of it ems, (3) As long as t hat

etis small in n umnber. the ad aptive tes-t \% Ill not, lose aii appreciable amount of
efficiency. (I1) If' the set is small to b~egin with, andl gets progressively even smaller
(through specificat ion of a shrinking set size) the adaptive tes t, is, virtually as efficient as
lie st rat egy which chooses thev opt imal it em every time.
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Speeded Tcsts -Can Computers Improve Measurement?
by

John H. Wolfe
Navy Personnel Research and Development Center

San Diego, California 92152-6800

INTRODUCTION

The Armed Services Vocational Aptitude Battery (ASVAB) contains two speeded
tests, Coding Speed(CS) and Numerical Operations (NO). In paper-and pencil mode,
these tests are administered with a fixed time limit and scored by counting the number
of correct responses. Computerized administration of the same items offers several
interesting alternative methods of scoring. For example, one can administer the tests
with no time limit, so that everyone finishes the test, and then measure the time each
examinee used. Greaud and Green (1985) showed that scoring such a test with a "rate"
measure (equal to the number of correct responses divided by the test time) increased
oerall test reliability. Computer scoring by rates has two advantages over ordinary
administration: (1) there is no "ceiling" effect for the fastest examinees, and (2) the
scores for the slowest examinees are based on the same number of items as the fastest
examinees, and therefore have improved reliability.

Further improvements in reliability can be expected from measuring the
examinee's response times for each item, and combining these times into an appropri-
ate total score or scores. As a starting point for proposing alternative scoring functions,
consider the Greaud and Green "rate":

rt umber correct
Toal Time

By dividing the numerator and denominator by the total number of items, N, the for-
mula is seen to be equivalent to:

P, P,u,,,rate = 1-----N -_ (2)

N ,

where P, is the proportiona of correct responses and 'f is the sample mean of the item
response times, taken over all of the items.

The first method of improving on the formula might be to compute the mean time
f 'or only the con'ect responses. If two examinees take the test, and one of them is able
to answer an item wrong twice as fast as the other examinee answers it wrong, it is
not clear that the first examinee should be scored higher on the test. It seems plausible
that incorrect responses should be eliminated from the scoring.

The second modific.tion to the formula would eliminate "outliers" friom the com-
puLtation of the mean iteir. .'-,ponse time. It is not uncommon for an examinee taking a
speeded test to be distracted or pause to ask a question of the proctor. Extraordinarily
long response times should be identified and omitted from the scoring.

One potential problem with computing the sample mean of the item times is that
the distribution of times is highly skewed. In geneal, the sample mean of a skewed
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distribution is not necessarily a good estimate of the population mean. Thus, a third
approach to improving reliability of scoring would be to seek some transformation of
the times that makes their distribution more nearly normal. Some possibilities that have
been suggested in the literature are log';, ,,, and . To these can be added For

each transformation, one can construct a co'responding "rate" measure by computing
the mean of the transformed times and then transforming the mean back onto the time
scale to get a I' to replace ' in equation (2). Thus,

rate PcNi,#] (4)

rate,.-= F . (5)

rate ,= P II-  (6)

METHOD

Eighty-five randomly chosen recruits at the Recruit Training Center, San Diego,
\, cre administered two alternate forms of Coding Speed and two alternate forms of
Numerical Operations pesentod on Apple III personal computers. The order of testing
was randomized. The CS tests contained 12 sets of seven items per screen, and the NO
tests contained 17 sets of three items per screen. The onset of a new screen was syn-
chionized to the computer so that stimulus timing began when the electron beam was
in the upl)er left cornei of the monitor. Timing of key presses was measured with a
hardware clock with millisecond accuracy. Pascal software that was used to detect key
presse,, introduced constant errors on the order of a tenth of a second. Each test was
administered with a 16-minute time limit, which is more than twice the usual time.
This was sufficient for most, but not all subjects to complete the tests.

Outliers were defined as times whose logarithms were more than three standard
deviations above the mean log time for that examinee. Reliabilities were computed for
all responses, conect responses only, and correct responses trimmed for outliers.

Skewness and kurtosis statistics were computed for individual item times in Form
A of the Coding Speed test, along with four transformations of the times. For all tests,
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means of the times and their transformations were computed, and five different "rate"
scores were obtained. Skewness and alternate form reliabilities were computed for the
five means and the five rate scores.

RESULTS

Table I shows the alternate form reliabilities of the Greaud and Green rate scores
when all item times are scored, when only correct responses are scored, and when
correct responses are trimmed at the upper tail for outliers. Restricting the scoring to
correct responses appeared to have no effect on reliability, but timming outliers raised
reliability somewhat.

Table 1
Effect of Trinuming Incorrect Responses and Outliers

On ReliabilitY of Rate Scores

Coding Numerical
Speed Operations

All Responses .81 .72
Correct Responses .80 .73
Trimmed Correct Responses .83 .75

Table 2 summarizes the skewness and kurtosis characteristics of 84 Form A Cod-
ing Speed item times and their transformations. As expected, the times were quite
skewed, and in addition, had co,siderable kurtosis. Taking logs of the times eliminated
the skewness, and also reduced kurtosis. The reciprocal transformation made matters
much worse. The square root transformation reduced skewness, but not as much as
the logarithms. Taking the reciprocal of the square roots made skewness and kurtosis
\%orse. From these data, it appears that the log transformation is best, and that the
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reciprocal should not be used to normalize the data.

Table 2
,sican Skewness and Kurtosis of 84 Coding Speed

Item Tines and Their Trans'ormations

Skewness Kurtosis

7 0.99 1.47

log T, -0.03 0.84
1.27 5.50
0.51 0.62

1,'17, 0.64 2.55

Table 3 shows the skewness of five different means and five "rates" based on
these means. Although the central limit theorem merely implies that the means of the
times should be normally distributed within each individual, it is still somewhat
surlrising that the mean times, reciprocals, and square roots are significantly skewed
across individuals. Again, the log transformation showed the least skewness. None of
the rate measures were skewed in the Coding Speed tests, and all of the rates were
significantly skewed in the Numerical Operations tests.

Table 3
Skewness of Alternative Scoring Formulas

Coding Speed Numerical Operations
Form A Form B Form A Form B

Afean 7' 0.84* 1.46* 0.93* 0.52*
Mean log T, 0.14 0.31 0.16 -0.15
Mean 1/1,; 0.64* 0.41 0.56* 0.77*
Mean %17", 0.48 0.81* 0.54* 0.17
Mean 1/\'71, 0.21 0.08 0.20 0.46

I'J(Afcan " ) -0.18 0.07 0.52* 0.61*
P,/Exp(Mean log "1,) -0.13 0.05 0.56* 0.66*
l'(Mean !/T) -0.00 0.03 0.60* 0.72*
Pg(,Aean "YI) 2  -0.17 0.06 0.54* 0.64*
P(Mean 1/T 2) -0.08 0.04 0.58* 0.69*
. Significant at p < .05 by 2-tailed t-tcst.
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Fable 4 is an expanded version of Table 1, in which mean times, mean log times,
and rates based on mean log times are also shown. For all measures, it appears that
restricting scoring to correct responses did not improve reliability. Eliminating outliers
did improve reliability. The log transformation improved reliability if outliers were not
trimmed, but not otherwise. Trimming outliers improved reliability if untransformed
times were used, but not other\,ise. Rate scores were more reliable than average times
for Coding Speed, but not for Numerical Operations.

Table 4
Reliahilities of Alternative Scoring Functions

Coding Speed Numerical Operations
All Responses

Mean Time .76 .74
Mean Log Time .79 .75
P,/Mean Time .81 .72
P,/Exp(Mean Log Time) .82 .75

Untrimmed Correct Responses
Mean Time .74 .74
Mean Log Time .78 .76
P,/Mean Time .80 .73
I'JExp(Mean Log Time) .81 .75

Trimmed Correct Responses

Mean Time .77 .76
Mean Log Time .78 .76
P,/Mean Time .83 .75
P,/Exp(Mean Log Time) .82 .76

DISCUSSION

The restlts presented in this paper are only preliminary: more subjects remain to

be tested, and additional analyses need to be performed, particularly on the Numerical
Operations items. Nevertheless, certain conclusions and directions for future work
stand out:

One successful method for improving reliability is to eliminate outliers. Future
w~oik should explore this method in more detail. The optimal cutting point for trim-
ming the data is a question that needs to be answered empirically.

Another method that improved reliability as much as trimming outliers was the
lo. transformation of times. So far, there is no indication that both methods combined
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are better than one of them. However, combining both methods does not decrease reli-
ability, and may inspire greater confidence. In the end, considerations of computational
speed and program complexity may be the determining factors in deciding which
method(s) to use.

In 11 of the work described here, it has been implicitly assumed that the items
are homogeneous in difficulty, and only individual differences have been examined.
The next step in the research should be to examine items, and to develop a model that
encompasses both item characteristics and individual differences in ability. This
approach should be especially useful in Numerical Operations, where addition, subtrac-
tion, multiplication, and division have quite different average response times.

REFERENCE NOTES

Greaud, V.A. & Green, B.G. (1985) Equivalence of conventional and computer presen-
tation of speed tests. Unpublished manuscript.
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MEDIUM OF ADMINISTRATION EFFECTS ON
ATTITUDES TOWARD ASVAB TESTING

William F. Kieckhaefer
RGI, Incorporated

Daniel 0. Segall
Kathleen E. Moreno

Navy Personnel R&D Center

BACKGROUND

Computerized adaptive testing is being considered for use in military selection and
classification. One research question under investigation concerns whether medium of adminis-
tration affects examinee attitudes toward the current Armed Services Vocational Aptitude Bat-
tery (P&P-ASVAB). Recognizing the importance of this, the Defense Advisory Committee on
MilitF -y Personnel Testing recommended that the reactions of examinees to the computerized
adaptive version of that test (CAT-ASVAB) should be systematically collected and analyzed
(Linn, Bond, Britell, Campbell, Jaeger, Novick, and Uhlaner, 1983).

Early researchers reported on particular aspects of the relation between attitudes and
computerized testing. For example, Hedl, O'Neil, and Hansen (1973) showed that less favor-
able reactions of the subjects to a compiitertzcd test were due to a lack of -larity in the
instructions and unfamiliarity with computer terminals. In a related study, Walther and O'Neil
(1974) found that subjects with greater test anxiety or negative attitudes toward computers per-
formed more slowly and made more errors on a test than subjects with lower levels of test anx-
iety. More recently, Nilles, Carlson, Gray, Hayes, Holmen, and White (1980) supported the
view that computer usage generates anxiety which negatively impacts on user attitudes and per-
formance.

Other researchers present a different view. Schmidt, Urry, and Gugel (1978) found that
examinees completing a computerized adaptive test had positive attitudes toward it. In a study
on computer-managed insti action, Robinson, Tomblin, and Houston (1982) also reported posi-
tive user attitudes.

More specifically for ASVAB testing, Mitchell, Hardwicke, Segall, and Vicino (1983)
reported generally positive attitudcs of male Navy ,cciuits toward taking the CAT-ASVAB.
Sonic attitudes corresponded with subjects' level of experience with computers or keyboards.
For example, those with "little to none" computer experience were more likely to indicate that
computerized testing was more impcrsoiv'l than papcr-and-pcncil testing. Subjects with "little
to none" keyboard experience were generally more likeLy to express uneasiness about taking a
test on a computer and to indicate that the computerized test was more difficult. This research
showed that while computerized testing may be considered impersonal by some, this perception
does not imply a negative attitude toward computerized tests. These findings were supported in
the service-wide study of Hardwicke and Yoes (1984).

PURPOSE

Investigations of user attitudes toward computerized testing can benefit from clearer atti-
tudinal items and improved experimental designs. Furthermore, little is known about the rela-
tion between attitudes toward ASVAB testing and examinee ability or such background vari-
ables as race and sex. The purpose of this study was to assess the effects of the medium of
administration on attitudes toward ASVAB testing. While some research does exist in this
aiza, this research is still exploratory. Therefore, the research objectives were to:
(1) Examine the effect of medium of administration on examinee attitudes toward testing;
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(2) Determine if this relation differs as a function of sex, race, or ability.

METHOD

This is part of a larger study investigating several aspects of subgroup differences in
ASVAB tcst-ng. While a total of 3,094 Navy recruits were tested under the larger study, only
the data for 619 recruits tested at the Recruit Training Center in Orlando, Florida were avail-
able at the 'ime of this presentation. Therefore, findings presented here are preliminary. The
sample was 6( 9% male and 39.1% female. Also, 49.4% were White, 18.7% were Hispanic, and
31.7% were Black.

Test proctors selected all recruit companies of men and women which began training
between April and June of 1985. Then proctors randomly selected recruits from a company for
testing and randomly assigned them to complete either the P&P-ASVAB or the CAT-ASVAB
first These were the Medium of Administration conditions. Test proctors collected the back-
ground information regarding examinee sex and race from each subject's enlistment form (DD
form 1966) They also obtained Pre-enlistment scores on the Armed Forces Qualification Test
(AFQT) from that form.

After completing the first version of the ASVAB (i.e., P&P or CAT), subjects responded
on a seven-point scale to nine questions presented in a paper-and-pencil format. These were
the dependent variables in the present study. While recruits did complete the other ASVAB
version also, data from the second version are not relevant to this attitude study and are not
reported here.

RESULTS

Re .ponses to each of the nine attitude questions served as the dependent variables in a
three-factor analysis of variance: Medium by Sex by Race. The significance of the AFQT
covariatc was obtained for each dependent variable. An analysis of covariance was performed
for items with significant AFQT covariatcs.

For each attitude question, Table I shows the number of respondents (N), the overall
mean. and the cell means for significant main effects in the analysis of variance. Figure 1 dep-
icts the significant interaction effects involving medium. Table 2 shows each attitude question
and the distribution of responses. For significant medium effects, the distribution is shown for
each group.

Only question 4 had a significant-AFQT covariate. When entered into an analysis of
covariance. two of the rreviously significant effects were no longet significant: the main effect
of Race and the interaztion effect of Sex by Race.

DISCUSSION

While these arc prc!iminary findings, six of the nine attitude questions had significant
main effects of Meditm--all favoring the CAT-ASVAB. Those taking the CAT-ASVAB felt
better about taking the test battery. In addition, they felt less tired, they experienced less eye
strain, and they thought the test battery w-s shorter. These results are probably due to the
fewer number of items required by the CAT ASVAB. In general, the CAT-ASVAB measures
the same content areas as the P&P-ASVAB %; ith about half the number of items.

Furthermore, those taking the CAT-ASVAB felt more relaxed during the test. Perhaps
this is because they proceeded at their own pace while those taking the P&P-ASVAB had
specified time limits. Also. thuse taking the CAT-ASVAB reported that the instructions were
clearer. i ,:s may be attrib~utablc to the interactive nature of the instructions, which included
immediate feedback during a keyboard familiarization sequence and sample questions.

Three questions showed no main effects of medium. These indicvted no differences
between administration conditions on anxiety, perceived difficulty of the questions, and per-
ccivcd fairness.



Table I
Cell Means for Main Effects

Item Attitude N Overall Medium' Sex Race'

1 Overall feelings 597 2.7 24

2 Fatigue 596 35 4D
33

3 Anxiety 595 35
4 Question Difficulty 594 39 3.8 4.0

4.0 3.8

3.8

5 Fairness 595 22

6 T"s Length 593 41) 3.4
4.5

7 Pressure 593 3.0 2.7
32

8 Eye Fatigue 593 33 3.4 3.5
32 32

3.2

9 Instructioo Clarity 593 1.5 1.4 1.6

1.6 1.4

The order of cell means is CAT-ASVAB, P&P-ASVAB.
The order of cell means is Male, Female.

• The order of cell means is Black. Hispanic. White.
I Thit effect wa not significant when AFOT was a covariate.

Question 2: Question 2: Question 4:
Sex X Medium Race X Medium Race X Medium

7 7 7
Quite

Quite Qu i ted6 1 i f f i-6
Rested 6  Rested cult

5 5Black BlackMales "hit 4Blackte

4 4 W h i tS e4----
- . -. _ Wh i t e

penl . Hisp-F~~ i s p
3ispanic anic

Quite Quite Quite 2
Tircd 2[Tired 2 Easy

Aj 1

CAT ASVAB CAT ASVAB CAT ASVAB

Figure . tnteraction effects with M diut " .
5 7



Table 2

Distribution of Responses to Attitude Questions

1. Overall, how did you feel about taking the test battery?
1 2 3 4 5 6 7

extremely quite slightly neither slightly quite extremely
good good good bad bad bad

CA I-ASVAB 16.4% 42.7% 26.3% 9.5% 4.7% 0.4% 0.0%
P .AS%,AD" 5.6% 35.6% 26.9% 24.1% 5-3,7 2.2% 0.3%

2. Overall, how tired did you feel at the end of the test?
1 2 3 4 5 6 7

extremely quite slightly neither slightly quite extremely
tired tired tired rested rested rested

, CA.ASvB: 2.2% 8.4% 35.0% 22.6% 10.2% 16.8% 4.7%
P&' ASVAI. 5.3% 19.9% 47.2% 18.0% 4.3% 4.3% 0.9%

3. During the test, how anxious did you feel?

1 2 3 4 5 6 7
extremely quite slightly neither slightly quite extremely
calm calm calm anxious anxious anxious

O-,cral.: °  8.4% 29.6% 11.6% 17.5% 25.0% 6.2% 1.7%

4. What Is your opinion of the difficulty of the questions?

I 2 3 4 5 6 7
extremely quite slightly neither slightly quite extremely

easy easy easy difficult difficult difficult

Ovcn! Il" 1.0% 14.5% 20.4% 28.8% 31.8% 3.5% 0.0%

5. How fair do you feel the test was?

1 2 3 4 5 6 7
ertremely quite slightly neither slightly quite extremely

fair fair fair unfair unfair unfair

Overall:' 21.9% 55.1% 7.7% 9.6% 2.4% 0.8% 0.5%

a For comparisons with non-significant medium effects, the distribution of responses is shown for the combined

CAT-ASVAB and P&P-ASVAB groups
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Table 2

(continued)

6. What is your opinion of the length of the test battery?

1 2 3 4 5 6 7
extremely quite slightly neither slightly quite extremely

short short short long long long

CAI -ASV A B: 6.6% 17.9% 212% 38.3% 13.9% 1.8% 0.4%
IP& P-ASVAII. 0.9% 5.0% 10.0% 33.8% 30.0% 13.8% 6.6%

7. During the test, how relaxed or pressured did you feel?

1 2 3 4 5 6 7
extremely quite slightly neither slightly quite extremely

C-A;AB relaxed related relaxed pressured pressured pressured

jlCA I-A.;VAf. 21.2% 35.0% 17.2% 12.0% 12.8% 1.8% 0.0%
PCP-ASVAB: 10-3% 29.8% 17.6% 16.9% 20.7% 3.8% 0.9%

U -- .

8. During the test, how strained or tired did your eyes feel?

1 2 3 4 S 6 7
extremely quite slightly neither slightly quite extremely

tired tired tired rested rested rested

CAI -ASVA~I 7.7% 17.2% 37.6% 17.5% 5.8% 9.1% 5.1%
F&P.ASVAB, 8.2% 22.9% 33.9% 21.0% 5.3% 6.9% 1.9%

9. How clear do you feel the Instructions were?

1 2 3 4 5 6 7
extremely quite slightly neither slightly quite extremely

c.ear clear clear confusing confusing confusing

CAI-ASVAB, 68.2% 29.2% 0.7% 0.7% 1.1% 0.0% 0.0%
P&IP-ASVAB' 53.0% 41.7% 1.6% 1.6% 0.9% 0.6% 0.6%

The other main and interaction effects are not so readily interpreted. A cultural bias

hypothesis would favor White males over all other subgroups. Since this result occurred for
only four of the remaining nine main and interaction effects, these results do not support a cul-
tural bias hypothesis.

When all th data are ready, analyses will include measures of computer knowledge and
test performance. Then, studies will investigate the relations between attitudes, computer
knowledge, biographical characteristics, ability, and test performance.
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STATISTICAL PROCESS CONTROLS AS AN ENHANCEMENT TO JOB DESIGN

Steven L. Dockstader
Navy Personnel Research and Development Center

Abstract

The paper presents an argument for adopting statistical
process control as an approach for improving productivity in
organizations. The fundamental problems of resitance to
change are discussed and job changes resulting from SPC are
logically analyzed in terms of job characteristics theory.
It is concluded that performance increases can be expected
from the approach, but whether they are on the ability or
motivational dimension is unclear and should be the subject
of future research

Introduction

The purpose of this paper is to attempt to provide an explanation for
the varying degrees of success found for projects seeking to improve
productivity through changes in quality controls. It is the contention of
this author that productivity derived from quality imprt'-,ement is the
result of (a) leadership initiatives which support a change in the methods
of quality control and (b) factors intrinsic to the methods which
contribute to both their acceptance and incentive value to the individual.

There are two basic approaches used to achieve product or service
quality. The methods vary on the extent to which the responsibility for
quality is vested in the producer of the product or service or with an
external agent, such as a quality checker. The methods can be described
schematically as follows:

Work Process Pocc/Service - . , Deliveryj

(Measurement)

II Work Proce s Product/Service_[>J Inspection Delivery

Approach I will be referred to as the process control approach, while
approach II will be referred to as the product inspection approach.
Proponents of process control contend that it leads to higher levels of
quality and lower costs than the product inspection approach. Sherkenbach
k1984) has argued that greater efficiencies are achieved by the process
control approach because the methods, over time, eliminate the problems in
the (production) system which result in defects. This, in turn eliminates
waste, rework, and the need for inspectors. Juran (1974), in a massive
review of process control work, has pointed out that systems problems
account for the vast majority of ruality defects--as high as 85%--an1 that
the systems problems can best be dealt with by the process control
approach.
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In the following discussion, Lawler's seven sources of resistance will

be considered in turn for the operations of a large aircraft overhaul

facility in the Navy. Although the observations made here are not based

upon empirical data, they have been corroborated by senior managers in that

organization and by on-site research personnel.

1. The process control approach does measure performance in new areas.

In fact, the essence of the approach involves measuring several significant
features about the production process prior to completion of a product or
service.

2. Ultimately many of the personnel who are currently used in the
quality control department will be deployed to other parts of the

organization, or be conducting quality control activities not currently

being performed (e.g., incoming supplies, customer services, etc.). This

displacement and/or retraining of personnel is viewed as a threat by those
in the current quality control function.

3. Quality control standards are usually established by engineers or
quality technicians. In the case of process control, however, a fixed

standard has no meaning. Control is defined by taking actions to keep the
process within variability limits which are determined by the process

itself. Because the limits change as a function of improvements in the
system, no fixed standard can be applied.

4. Using the process control approach, the basic data is collected by

the performer. In this sense, feedback is immediate. Furthermore, because
the information gathered is typically a historical record with relational
information on the record (e.g., a control chart), the worker can evaluate
the data and determine what action, if any, need be taken.

5. Whether the data is fed to higher levels and used within the reward

system depends upon a number of factors. The most significant is the
degree to which the worker has discretion to make decisions concerning
corrections to the system. This, in turn, is usually based upon the extent
of the system changes and their costs, but could also be a reflection of
t'ie management philosophy of the organization. This will be considered in
greater detail in a subsequent discussion.

6. This is the "status quo" factor, and it can be said that a change

in the intertial state of the organization will be determined by whether or

not a "critical mass" (Deming, 1985b) can be developed to overcome the
status quo. The state of inertia in most bureaucracies, such as those in

most large bureaucratic organizations, is at steady state and resistant to
change under normal workload conditions.

7. It is difficult to assess this factor. The people most affected by
the quality control system are those in the "production" area. As a group,
they are the largest in number and exert the greatest influence on
achieving the mission of the organization. However, under the current
product inspection approach, they receive the most censure when product
quality does not meet specifications/test. Managers have been of the

opinion that this has led the workers to lose identity with the quality of
their products because someone else has been responsible for detecting it.
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Lawler has indicated that, to the extent that these factors hold for
workers, they will engage in non-productive or even counter productive
behaviors. Using his analysis and the previous discussion, it appears that
the process control approach should meet less resistance in terms of
factors 3, 4, 6, and 7. That is to say that it (a) does not deal with
standards per se, (b) provides feedback information to the performer, (c)
is of greater benefit to most of the workforce than the existing system and
(d) can enhance the self esteem of the worker as he begins to take charge
of the quality of his work.

Of the other factors, only the second appears to be of significant
concern in terms of resistance to change. In the organization under study,
quality control is vested in a functional department. While performing
inspections or audits of the work conducted in the production area is not
their only function, it does define their central raison d'etre. In
addition, this organization is one of several which reports to a
headquarters. Both the headquarters and the sister organizations contain
quality control functions based upon inspection and audit. Resistance here
would have to be overcame.

Factors 1 and 5 are potentially areas of resistance because of the new
measures and added work required (1) and because the information could be
used to evaluate performance of the workers (5). Neither of these is
necessarily negative, but the workforce is often wary concerning the use of
performance measures. If the management philosophy and the culture of the
organization is one that rewards improvement then there will be little
resistance.

Process Control and Worker Motivation

Our discussion thus far has focussed on the desirability of changing
from product inspection to process control and the nature of resistances in
making such a change. While it appears obvious that such a change is both
desireable and feasible from a management standpoint, what is in it for the
worker? After all, with the exception of some of the existing quality
control personnel, the major job changes will be that of the worker and
perhaps his immediate supervisor. If this change is not seen by the worker
as having incentive value, then it will very likely be resisted.

Job Characteristics Theory (Hackman & Lawler, 1971; Hackman & Oldham,
1976) provides a conceptual framework to evaluate the design of a workers
job to include the process control approach to quality control. The theory
is based upon a plethora of research which has revealed that there are
three psychological states which contribute to worker motivation. These
are feelings of meaningfulness, responsibility, and knowledge of results.
The theory goes on to describe what job characteristics will result in
these feelings. The theoretical relationships can be schematicized as
follows:
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Five Core Psychological Outcomes
Characteristics States

1. Skill Variety I Feeling High intrinsic
2. Task Identity - of motivation
3. Task Significance meaningfulness High quality work

4. Autcnomy > Feeling of High satisfaction
responsibility

5. Feedback -->Knowledge of Low absenteeism
results and turnover

Considering each of these characteristics in turn, we can determine the
motivating potential, or incentive, of the workers job when process control
becomes a part of the job. Skill variety is obviously increased because
the job will now involve collection of data, charting of data, and
reporting process aberrations. Task identity should increase because
attention will be focussed on aspects of the process which were previously
receiving less formal, e.g., measurement, attention. The perceived
significance of the task may also be enhanced because taking process
control actions should occasion interaction with supervisors, staff, and
managers which would not ordinarily occur. Autonomy will be increased
because quality control actions and responsibilities will now be formally
placed in the hands of the worker. Finally, feedback will be immediate in
terms of the things being measured. Feedoack as a result of process
changes will, in most cases, be immediate as well.

From this logical analysis and the model displayed in Table 1, we can
predict the outcomes displayed there. During the course of the forthcoming
year, these hypothetical relationships will be tested in the Navy
maintenance environment. The use of process control as a method to enrich
jobs has not received attention in the empirical literature, but the
aforementioned analysis suggests that it should be an effective way to
motivate workers as well as increase the quality of their efforts.

Locke (1980) has indicated that job enrichment has not been effective
in motivating employee performance, when the effects of goal setting have
been controlled. Sach a confounding of variables is not expected in the
process control situation, because the demand characteristics of process
control are not upon employee effort, but upon removal of system-generated
variation. Performance increases, then, would probably result from
enhanced ability to perform the job, as opposed to the motivation to
increase effort.

This latter point begs the question of whether employee motivation
could be at all affected by adopting the process control approach.
Lawler's (1976) discussion of expectancy models of worker motivation would
suggest that, in the absence of extrinsic rewards for quality improvement,
the motivational impact can only be derived from (a) the E--)P probability
or (b) or the valence associated with outcomes other than extrinsic
rewards. From our logical analysis above, it is not clear which of the
two, or some combination of both could account for changes in the
motivating potential of a job enriched by inclusion of process controls for
quality. These questions will be addressed in future research.
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A GROUP WAGE INCENTIVE SYSTEM:
DESIGN AND IMPLEMENTATION ISSUES

Deborah A. Mohr
Navy Personnel Research and Development Center

San Diego, California 92152-6800

INTRODUCTION

In an effort to improve performance and reduce costs in a
naval shipyard, a group wage incentive system for production
workers was developed, implemented, and evaluated. The system
was designed to improve performance efficiency without
negatively affecting schedule adherence, product quality, or
workers' job attitudes.

This project was part of a continuing research program to
investigate the effects of wage incentive systems in Navy
industrial facilities. Previous projects evaluated the effects
of performance contingent reward systems (PCRSs) with a variety
of civil service employees: key entry operators, small purchase
buyers, and aircraft engine mechanics. Under a PCRS, employees
earn cash bonuses (incentive awards) for work performed above
established standards. The more performance exceeds the
standard, the larger the bonus. PCRS rewards are paid through
existing award programs, are recurrent (being accrued as often
as performance exceeds standard), and are in addition to
employees' base salary.

The present effort differed from previous projects in that
awards were based on measures of group performance. Shipyard
production workers typically work together in teams (called work
gangs) of 10 to 20 employees supervised by one foreman. Thus, a
PCRS based on measures of group performance was more appropriate
than one based on individual performance measures.

INCENTIVE SYSTEM OVERVIEW

The performance measure used for this system was one of
performance efficiency. It was calculated by dividing the
manhours allowed to complete a work gang's jobs by the manhours
actually expended to complete the work. Thus, when work is
completed in exactly the time allowed for that work, the work
gang's performance efficiency, called a performance factor (PF),
is 100 percent. When work is completed in less time than the
allowance, the gang's PF will be greater than 100 percent and
manhours will be saved. Both inputs to this measure (manhours
allowed and expended) were routinely collected by the shipyard's
management information system (MIS). Prior to implementation,
the shipyard MIS was further enhanced to provide more accurate
performance measures and to provide monthly automated incentive
award calculations and continual award tracking.
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Under the shipyard's PCRS, work gangs were eligible for
awards whenever they saved manhours by completing their jobs in
less time than the manhours allowed for those jobs. The value
of these saved hours was shared with employees in the form of
incentive awards. The work gang's saved hours were distributed
to members based on each worker's contribution to the workgang
(his or her share of the gang's total work hours). Based on the
50 percent sharing rate used during the system test, half of the
cost savings associated with a work gang's manhour savings were
paid out to gang members as incentive awards. The remaining 50
percent was retained by the shipyard. The actual value of each
saved hour was based on the employee's accelerated hourly wage
rate.

A similar incentive system was established for shop foremen
in which all foremen comprised one group eligible for awards
whenever performance of the entire shop resulted in manhour
savings. In addition, to encourage foremen to work together to
help the shop improve, each foreman received a one-time bonus of
$125 the first time the shop's PF exceeded 100 percent.

Because the shop selected for test of the incentive system
historically spent many more manhours to complete its work than
were allowed, few work gangs would save manhours and earn
incentives at typical performance levels. Since incentive
systems do not motivate employees to improve performance unless
they believe it's possible to earn awards, shipyard managers
decided to adjust all performance measures upward by 10 percent
for the purposes of subsequent award calculations. Thus, work
gangs actually accrued manhour savings whenever their PF
exceeded 90 percent and foreman earned awards whenever the
shop's PF exceeded 90 percent. Despite this adjustment, the
incentive system rewarded employees for performance improvement.

IMPLEMENTATION

Prior to implementation of the test system, a shipyard
instruction was issued documenting the incentive system and
specifying responsibilities during the test period. A senior
military officer was assigned as project manager and a general
foremen within the test shop served as system coordinator. An
agreement was negotiated with the local union and approval was
obtained from the appropriate headquarters commands. Finally,
employees and supervisors in the test shop were given training
to assure their understanding of the enhanced performance
measurement system and the group incentive system. The PCRS was
then implemented for test in Shop 31, the shipyard's inside
machine shop. Shop 31 is one of 17 shops at the shipyard and
employs approximately 480 wage grade employees and 23 foremen
assigned to 18 work gangs.
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RESULTS

During the 19 months of the system test a total of $177,000
was earned by employees. Sixteen of the eightuen work gangs
(comprising 89 percent of shop employees) earned awards. Of
those employees earning awards, the average total earnings
during the test period was $419. (Total earnings ranged from $1
to $2488.) Foremen earnings averaged $237 for the 2 months
that the shop's performance factor exceeded 90 percent.

Evaluation of the incentive system test revealed that the
program produced a significant increase in the shop's
performance efficiency (see Figure 1). For analysis purposes
the 19 month test was divided into two phases: Incentive Phase
1 consisted of the first 8 4-week incentive periods and
Incentive Phase 2 consisted of the remaining 11 4-week incentive
periods. The shop showed a 7.5 percent improvement over average
baseline performance during Incentive Phase 2 (an improvement
from 91.4% to 97.6%). During the first incentive phase, the
shop maintained its baseline performance despite a severe
workload reduction (performance averaged 89.0%). Two comparison
shops (see Table 1) showed substantial performance decreases
during the same time, although their workload reductions were
less severe than that of the test shop. Since the end of the
19-month test, the test shop has maintained its improved
performance. As expected, implementation of the system did not
cause any negative effects on the shop's schedule adherence or
product quality.

Participants' job attitudes and evaluations of the
incentive system were assessed during the test. Although
recognizing certain problems related to system operation
(particularly the effects of the workload reduction), 80% of
those expressing an opinion favored continuing the incentive
system. No positive or negative effects on workers' job
attitudes (e.g., job satisfaction and job stress) were found.

A cost savings analysis revealed that the net cost savings
due to improvements over baseline performance during the system
test exceeded $600,000. If similar results occurred following
expansion of the system to all other production shops, the
shipyard could realize net cost savings of approximately
$6,794,000 annually.

The shipyard realized a number of concurrent positive
outcomes from the system test, including improvements in shop
practices and initiation of management actions directed toward
resolving productivity impediments. Foremen began taking
greater care in preparing employee time cards, correcting labor
mischarges, and reviewing work documents before beginning jobs.
As a result of the interest in improvement engendered by the
incentive system, a number of productivity impediments were
highlighted during the test. These impediments were not new.
Rather, they were long-standing shipyard problems that became
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more salient when money was tied to performance. The incentive
system provided the impetus to attack these problems and as a
result a shipyard-wide problem-solving team was established and
successfully resolved a number of these issues.

IMPLEMENTATION AND MAINTENANCE ISSUES

Throughout this effort, various issues surfaced that
revealed the complexity of designing and implementing

productivity improvement systems in real organizations. While
the success of the test system indicates these issues can be
effectively resolved, nonetheless, some important conclusions
can be drawn from this project.

Several issues arose during the design of the incentive
system. The decision to develop a group system was a logical
result of analysis of the shipyard's work settings.
Implementation of a typical incentive system (most likely based
on measures on individual performance) would have been
inappropriate and quite possibly ineffective. Managers
considering a PCRS should realize that no standard system
exists. The PCRS must be designed to fit the organization and
its priorities.

A number of incentive system parameters had to be specified
in the design phase, as well. These included: the incentive
level (the performance level at which employees were eligible to
earn awards), the sharing rate (the proportion of cost savings
shared with employees), and the savings distribution method (the
way savings were shared among work gang members). As discussed,
the incentive level was dropped to 90 percent in the belief that
this level would be seen as attainable by workers and that it
would improve the motivating potential of the system. The 50
percent sharing rate used in this test was selected because it
was the maximum allowable by federal regulations and because it
was likely to be perceived as fair to both employees and the
organization. Distribution of savings based on worker inputs
was used to further strengthen participants' perceptions of
fairness. These design parameters can be assumed to have been
effective based on the favorable results of the test period.
However, there is no way to determine if different parameters
might have been substantially more effective. Little research
has been done to investigate the effectiveness of different
levels of these parameters (e.g., a 20% vs. a 50% sharing rate)
or the situational variables that require parameter changes.

During the implementation and maintenance phases,
additional issues arose. Primary among these was management's
relationship to the incentive system. The success of
organizational change efforts such as incentive systems is at
least in part contingent on active support from management. A
high degree of commitment to the program is necessary before and
after implementation, commitment involving more than just verbal
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support. It is difficult to implement effective changes when
either top management or those expected to implement change are
unsupportive.

During the test of the incentive system, the shipyard
experienced a rather significant workload reduction. This
appeared to have precluded performance improvement until the
shop's staffing level was brought into balance. Workers are
unlikely to improve their productivity if, by so doing, they
believe they will risk their jobs. In implementing performance
improvement programs, managers must continually address the
balance between workload and staffing within the organization
and must develop means to capitalize on the effects of resulting
improvement.

Tying money to performance highlighted a number of long-
standing shipyard problems that were subsequently addressed by a
problem-solving team. The importance of tapping this increased
interest in performance improvement cannot be overestimated.
Many shipyard managers believed that the incentive system's
major benefits were in encouraging supervisors to do their jobs
and in focusing efforts on resolving productivity impediments.
Such auxiliary benefits of incentive systems should not be
overlooked.

Finally, the issue of incentive system expansion surfaced.
To continue to run a test system in only one shop is not
feasible. With proven cost savings resulting from performance
improvement the next logical step is to expand to other shops.
Managers must carefully consider how and how far to expand a
successful incentive system. During expansion, care must be
taken to adapt the system to other sites and to continue to
monitor its effectiveness. Managers should also consider means
to include production support and other indirect workers in such
incentive systems.

Although there are a substantial number of complex issues
that must be faced in developing and implementing wage incentive
systems, their proven effectiveness indicates that such efforts
are worthwhile. Further research to identify effective design
parameters, the increased use of automation to support wage
incentive systems, and the benefits that can be derived from
additional experience with these systems will help to limit the
effort required to design and implement wage incentive systems
in the future.

The opinions expressed in this paper are those of the author and
should not be construed as official or as reflecting the views
of the Department of the Navy.
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Per forinance [-actor (PF)

Baseline a Incentive Phase I Incentive Phase 2c

Average Average % Change Average 96 Change

Shop pF'+I  PF From Baseline PF From Baseline

31 .867 .853 -1.6 .926 +6.8

38 .696 .682 -2.0 .716 +2.9

56 .780 .774 -.8 .792 +1.6

Workload: Average Man-day Allowances per 4-week Period

Blaseline Incentive Phase I Incentive Phase 2
-e-rge- Average % Change Average % Change

Shop Man-days Man-days From Baseline Man-days From Baseline

31 8281 5559 -32.9 5952 -28.1

38 7877 72S0 - 8.0 7408 - 6.0

56 7913 7816 - 1.2 7935 + .3

aBaseline: 10 January 1983 - 14 July 1983.

bIncentive Phase I: I Iily 1983 - 27 lanuary 1984.

rlnrentive Phase 2: 28 lanuary 198't - 30 November 1981j.

(I: igures represent the average PF within each tine frame.
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ABSTRACT

A goal setting program was implemented in an Navy industrial organization that used engineered perfornance
standards. Results indicated that workers whose baseline performance was below standard set more difficult goals
and improved their performance more than high performing workers. Discussion centered on the role of context in
influencing goal setting effectiveness in Navy organizations.

BACKGROUND

There is growing concern in the United States with what has been labeled the "U.S. Product.vity Crisis" (Newsweek, 1980).
This crisis is manifested in the declining rate of growth in the output per hour of labor. The United States finished well behind
six other industrial nations in productivity increases from 1968 to 1978 (Bureau of Labor Statistics, 1979). Within the Navy.
concern over worker productivity has created increasing interest in productivity improvement at all levels of the organization.

Traditionally, productivity programs in both the military and civilan sectors have centered on technological improvenents
and capital investments. %hi e the importance of these hardware-oriented approaches is obvious, there is a growing body of
organizztional literature that suggests tnat significant productioity improvements can be realized through improved worker
motivtion (Greiner, Hairy, Koss, Millar, & Soodward, 1981). Several different techniques have been investigated, including
autonomous work groups, lob restructuring, participative management, and monetary incentive systems. Each of the above
approaches has been shown to have merit under differng circumstances (Cummings & Molloy, 1977; Patten, 1977).

Goal Setting

Goa! setting is an area of organizational research that seems to be especially promising in terms of enhancinl worker
motivation and performance. Research has shown that goals are a malor source of work motivation (Mitchell, 1979). Likewise, a
recent review of field stu(:es using goal sett:ng techniques found a 16% median improvement in worker performance (Locke,
Feren, McCaleo, Shaw, & Denny, 1980). Based on the results of a number of highly successful lab and field studies, goal setting
has been called "a simple, straightforward, and highly effective technique for motivating employee performance" (Latham &
Locke, 1979, p. 80).

Ighile it is clear that goal setting can be an effective motivatioral technique, we feel that comparatively little study has
been directed toward careful invest:gation of the possible limitations of the approach. There are very likely no panaceas in any
field of applied science (Locke, Sirota, & Wolfson, 1976). As such, it would seem that goal setting theory is subject to boundary
:imitations regarding to whom it applies and where it works best (Miner, 1980). The current study addressed this issue by
examining the effectiveness of goal setting in an industrial organization that made extensive use of engineered performance
standards.

The use of task standards is an outgrowth of the basic tenets of scientific management (see Taylor, 1967). These standards
represent the time a trained employee working at a normal pace would be expected to coimplete a given task. They are usually
based on time and motions studies or on historical performance trends. Within many industrial organizations work standards have
been established for most production jobs. While these standards are used for advance cost estimates, manpower projections, and
other planning requirements, they also serve another implicit function-they establish acceptable perlormance levels for workers
(.aynard, 1971). In this sense, a standard is a goal for workers to try to achieve (Locke, 1978).

If achieving standards represents an acceptable performance level, then industrial organizations that make extensive use of
task standards may encounter problems is implementing goal setting programs for workers. The basic proposition of goal setting
theory states that there is a positive relationship between the difficulty of an accepted task goal and level of performance on the
task (Locke, 1968). Considerable research has shown that hard, specific goals (if accepted) result in performance improvements
(Locke, Shaw, Saari, & Latham, 1981). Performance standards certainly define specific goals; however, they may not always be
difficult. While performing at standard level may be challenging for employees with low ability and work motivation, it wouldn't
represent a challenging goal for a motivated and highly skilled employee.

Goals Versus Current Performance Levels

The objective of goal setting is to establish specific, challenging goals for all workers. Individuals are ercouraged or
required to have different goals dependent on their current performance level. The problem with goal setting in an organization
using industrial standards is that the organization is sending mixed messages. The supervisor is trying to establish a challenging
goal for the worker (often above standard performance level) while the organization has previously defined standard performance
as acceptable.

One -neans of possibly reducing the above oroblem is for the supervisor to assign goals. The supervisor could then set goals
based on current performance independent of existing standards. Research has shown that if goal difficulty is held constant,
equal goal acceptance and performance improvements are obtained regardless of whether goals are assigned or set
participsrtively (Dossett, Latham, & Mitchell, 1979; Latham & Saari, 1979; Latham, Steele, & Saarl, 1981). However, there is
some evidence to suggest that when both participative and assigned goals are set independently, participative goal setting may
result in more difficult goals (Latham & Yukl, 197 5a; Latham, Mitchell, & Dossett, 1978). However, given the current state of
knowledge, it would be difficult to predict which method would be more effective in organizations with existing performance
standards. Also, regardless of the method used, it is not certain whether or not workers would set or accept goals above
standarc.

V,hile the best means of setting goals remains unclear, there is one sib-group of workers who might he expected to improve
more as the result of a goal setting program us an industrial organ:zation - low performers. Individuals who are currently
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performing below standard are not faced ,ith conflicting messages when goals are established by or ith the supereisor. In
addfiion, it As possible that high perforrers are more ,ikely to understand task requirements and have pern'al perforinance go's
.han are low performers. Thus, ,t seems reasonable to expect a goal setting intervention wih production woriers to have AtS
greatest impact on lo-y performers.

One recent study supports this contention for nonproduction workers. Pritchard, Bigby, Besting, Coverdale. and Morgan
(1931) found that for data transcribers, goal setting and feedback had a positive impact on poor performers but no impact on
good performers. They argued that since the treatment was designed to incrase motivation, and since the good performers were
probably already motivated, the treatment had little impnct on them.

The purpose of the current study was to examine the Impact of goal setting and feedback on the performance of Navy
industrial employees working within the context of existing performance standards. It was hypothesized that low performers
(workers historically performing below stndard) would have more difficult goals and would show greater performance
improvements than high performers (workers hLstorically performing at or above standard).

METHOD

The engine division of a Naval Air Rework Facility (NARF) served as the research setting tor the study. Production workers
in this division were involved in the overhaul of aircraft engines, components, and accessories. They were all civil service
employees, predominately male, and most had a high school education.

Prior to the goal setting intervention, assigned tasks included a description of required work and the time allocated for the
work (i.e., the performance standard). However, although workers knew how well they performed on individual tasks when they
completed them, they were not provided with any summary feedback of their performance on all work du-ing a given time
period. Since feedback has been shown to be a necessary condition for goal setting to be effective (see Locke et a1., 1911), it
was first necessary to design an individual work measurement and feedback system.

A computerized system was developed to measure individual level perfcrmance using the existing NARF management
information system. A weekly report was then generated for each employee providing performance feedback for the previous
week. The performance measure was based on how well workers performed against standard and was calculated by taking the
ratio of time expended on tasks in a given week to the total standards earned in ;hat same week. This figure was then multiplied
by 103. Thus, a rating of 100 meant that an individual conpleted all work within the standard time allocated. Ratings higher
than 100 indicated performance better than standard and those lower than 100, performance below standard.

Twenty-two production shops in the engine division were included in the study. Each shop was supervised by its own
foreman. Eleven shops were selected for the goal setting treatment and the remainig IL were used as a comparison group. All
shops were both spatially and structurally distinct subunits.

The I I experimental shop foremen were trained in the use of the new worker feedback reports and in goal setting; six were
trained to assign goals to subordinates while the remaining five were trained to set goals participatively with subordinates. The
foremen were asked to arrive at different goals for different subordinates based on the worker's ability, motivational level and
current performance. The foremen were initially resistant to the notion of setting challenging goals for workers who were
alreaoy performing at or above standard. They felt that these employees were currently doing more than should be expected of
them. However, the foremen agreed to proceed and give the program a fair chance.

. The II foremen in the experimental groups met individually with their subordinates to either assign a challenging
pe'formance goal or to arrive at such a goal participatively. In addition to receiving the weekly performance report, workers in
the goal setting shops met with their foremen individually every 2 to 4 weeks to di..cuss progress towards their goals and possible
work problems.

An l3-week period prior to the beginning of goal settng and feedback ' as used to establish a baseline level of performance
fer both the experimental and comparison workers. The 22-week perio" after program impleme )tation was used to assess
progra-n effectiveness. Sixty-seven workers participated in setting their goals while .7 were assigred goals. The comparison
shops were composed of 117 workers.

The weekly employee performance data were aggregated to form single pre- and post.tr:'ement performance scores for
each worker. Reliability coefficients, computed on the weekly performance measures for the baselcne period, indicated that the
data were sufficiently reliable for use as overall performance measures (ceffcient Alpha = .7 ).

Research has shown that objective measures of goal difficulty are often better predictors of performance improvement than
subjective measures (Yukl & Latham, 1978). For this reason, goal difficulty was operationalized as the difference between an
individual's baseline performance score and his/her goal. This measure of goal difficulty al!owed foe the partial control of
baseline individual differences in ability and motivation.

RESULTS

General Results

The initial analyses examined all workers independent of their baseline performance.

Manipulation check. In order to verify the treatment conditions, workers in both the assigned and participative groups were
asked to respond on a 4-point Likert scale how much influence they had in setting their goals (I = a lot of say; -- no say).
Individuals in the participative condition (X - 1.3 reported significantly more influence (p4.01) than did workers in the assigned
condition (X .3.0)

Perforinance Change. The mean performance levels for workers in the treatment and comparison groups are presented in
Table i. A test for homogeneity of regression coefficients yielded no significant differences across the groups. Therefore, an
analysis of covariance was used to contrast the experimental and comparison groups with the baseline performance measure as a
covariate. A significant main effect was found (p4 .01) indicating differences in treatment performance levels across the
groups. Follow-up tests indicated that both the assigned goal setting group (adjusted 3' A 108.3) and the participative group
(adjusted X = 106.2) were significantly higher (pe .03) than the comparison group (adjusted X = 101.7). There were no significant
differences between the two goal settng groups during the baseline or treatment periods.
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Table I

Mean and Adjusted Performance Efficiency Scores

Mean Performance Efficiency

Performance
Baseline (B) Test (T) Change Adjusteda

Group Period Period (T - B) Test Period N

Comparison 99.3 102.4 -2.9 101.7 bc 117

Experimental 97.3 106.4 *.9 107.1 b 124

Assi' ed goals ".3 101.9 .9.6 108.3 c 57

Participative goals 96.0 104.4 *g.34 106.2 c 67

SAdjusted to control for differences in baseline period performance.

bFor the analysis contrasting the comparison and combined experimental groups, covariance F * il.7, p..01.

cFor the analysis contrasting the comparison, assigned goals, and participative goals groups, covariance F - 6.2,

p< .01.

Goal difficult). A significant correlation was found between objective goal difficulty and degree of performance
inproiement(r = .'0, p<.001). No difference was found between the average level of goal difficulty in the participative group
(X z.) and the assigned group (X = 11.0). This finding is consistent with the earlier finding indicating no difference in
performance between the two groups in the treatment period. One interesting finding did emerge as to the actual goals set in
tie two groups. Seventy-three percent of the participative workers had a goal of 100 (or standard level of performance) whereas
enl) 3% of the assigned workers had a goal of exactly 100. This distribution of goals at or different than 100 across the two
groups was statistically significant (Chi Square . 30.2, p<.00l). It thus appears that workers who had some influence in their
choice of goals preferred a goal equal to existing organizational standards.

High Versus Low Performers

Workers in the experimental and comparison groups were divided into two categories based on their level of performance
during the baseline period: (1) high performers were .ndividuals whose average performance during the IS-week baseline eriod
was at or above standard (i.e., 100), and (2) low performers were Individuals whose average performance was below standard.

Performance chanxe. The mean performance levels for high and low performers by different treatment groups are presented
in Table 2. Two repeated measures analyses of variance were performed--one for experimental high performers and one for
experimental low performers. No main or interaction effects were found for high performers indicating that there was no
performance improvement in either the assigned or participative conditions. On the other hand, a main effect for time period
was found for the low performers (p<.01), indicating that low performers in both the assigned and participative conditions
signi.icantly improved their performance as a result of goal setting.

Table 2

Mean Performance Efficiency Scores for
High and Low Performers

Baseline Test Performance Adjusted
Group Period Period Change a  Test Period N

Hith Performers

Experimental 114.0 118.3 +4.1 117.1 b 7

Comparison 111.2 111.1 - .1 112.5 b 32

Low Performers

Experimental 83.5 96.3 *12.8 98.3 c 67

Comparison 90.1 95.4 - 3.3 93.3 c 63

a The difference between the test period and baseline period performance scores.

bCovarance F . 2.8.

cCovariance F - 6.3, pc .03.

Because regression towards the mean presented a potential confounding interpretation for the improvements with the low
performers, analyses of covariance were also performed on these data. A test for homogeneity of regression coefficients
revealed no significant difference among high and low performers across the three groups. Thus, an analysis of covariance was
conducted separately for high and low performers using the baseline performance measure as a covariate. The results were
identical to those reported earlier. High performers in the experimental and comparison groups did not differ while the low
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performers in the experimental groups (adjusted X = 99.3) were significantly higher (p' .0) than the low performers in the
comparison group (adjusted X a 93.10. Overall, the results suggest than goal setting had a positive impact on the performance of
low performers and no effect on high performers.

Goal difficulty. One factor that could explain the different effects of goal setting on low and high performers is goal
difficulty. It was proposed that low perfonners would set (or be assigned) more difficult goals relative to their baseline
performance level than would high performers. The results relevant to this hypothesis are given in Table 3. The mean goal
difficulty level for all the low performers ( 3.1) was significantly greater (pc .001) than the mean level of goal difficulty for high
performers (-.4). On the average, high performers had goals that were slightly lower than their baseline performance level,
whereas low performers had average goals that were approximately 16 points above their baseline performance level.

Table 3

Mean Goal Difficulty, Coal Acceptance, and Performance
Change for Experimental High and Low Performers

Experimental Mean Goal Mean Performance
Group Difficulty Change N

High Perlor-ners

Assigned .0 - 5.7 27

Participative -5.3 .3.1 30

Total - .4 .4.3 V7

Lo. Performers

Assigned 16.7 -13.0 30

Participative 15.0 .12.6 37

Total 15.1 +12.8 67

Analyses were also undertaken to compare goal difficulty for assigned and participative workers. Results indicated that
mean goal difficulty was significantly higher (t - 2.54, p < .05) for high performers who were assigned goals (5.0) than for high
performers who participatively set goals. Indeed, high performers who participatively set goals had an average goal that was
inore than live points below their baseline performance. No significant difference was found between the mean goal difficulty
level of poor performers in the assigned (16.7) and participative ( .0) conditions.

Because :he results indicated that a number of workers had negative goals (e.g., goals that were lower than their baseline
performance), additional analyses were performed to assess the relation of positive and negative goals to performance change.
Results indicated that 51% of the high performers (N - 28) had goals that were lower than their baseline performance whereas
only 5% of the tow performers (04 z 3) had negative goals. Seventy-five percent of these high performers with negative goals (N
= 21) were in the participative condition. A significant positive correlation was found between goal difficulty and performance
change for low performers with positive goals (r = .41, p9 .001). However, no significant relationships were found for high
performers with either negative or positive goals, although the correlation for the later group was marginally significant (r . .27,
p<. 111. Also, the performance change scores for high performers with positive goal (X 1 8.) were higher than those for high
pe'formers with negative goals (X = .3), although this difference was only marginally significant (p<. 10). These findings suggest
that goal setting was somewhat successful for high performers, but only if they had goals higher than their baseline
performance.

DISCUSSION

These findings provide support for Locke's (963) goal setting theory, although they also suggest that goal setting
effectiveness may be cortingent on contextual factors. First, there was a positive relation between goal difficulty and
performance improvement; however, this relationship only held for workers whose goals were higher than their baseline
performance. In addition, consistent with the hypothesis concerning low performers and an earlier study by Pritchard et al.
(1981), goal setting was more effective with low performances than with high performers. This differential impact was
reflected both in terms of greater goal difficulty and more performance improvement.

The goal setting process appeared to be affected by the NARF's use of engineered performance standards. This is supported
by the lower mean goal difficulty level for high performers (relative to low performers) that occurred both when goals were
assigned and participatively set. Assigned goal setting did result in more difficult goals for high performers than did
participatile goal setting; however, this difference was not reflected in significant differences in the degree of performance
improvement for the two groups. The large proportion of goals that were participatively set at 100 (standard performance level)
also suggests that organizational task standards can influence the goal setting process. Workers may have felt that 100% was
the most reasonable goal for the organization to expect them to achieve-independent of their ba.eline performance. With the
exception of these findings, participative and assigned goal settings yielded virtually Identical results. This is constent with a
large number of lab and field studies (see Locke et al., 1981). The failure to find more dilficult goals set in the participatively
treatment grbups may partially reflect the role of context. 'Where workers had some influence over their goals, they often opted
for what they considered to be fair (i.e., standard) rather than what they felt would be challenging.

Some caveats seem in order. First, the sample size was not large, especially when it was broken down into subgroups.
Second, the charactermstirs of the work force may have played an important role. Navy production workers have more job
security than most private sector industrial employees. Thus, these workers may have felt more latitude in choosing negative
goals. Finaily, goal setting effectiveness was only assessed over 5-1/z months. There is some evidence to suggest that goal
setting effects are not sustained over longer time periods (see Ivancevich, 1976).
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Overall, the results of this study support the general contention of this paper. goal setting is an effective motivational
technique for Navy production workers but is subject to contextual constraints. In this sense. it has both potential utility and
potential problems. There are limitations as to conditions where goal setting works best ind for whom it works best (Ivancevich,
1978). There is a need to follow Latham and Yukl's (197 Jb) suggestion that future research in goal siettingi begin developing more
of a contingency framework. This study was one step in that direiction.

REFERENCES

Buretu of Labor Statistics. United States Department of Labor, 1979.

Cummings, T. C., & Molloy, E. S. Improviny productivity and the quality of work life. New York: Praeger, 1977.

Oossett, D. L., Lathar's, G. P., & Mitchell, f. R. The effectit of assigned versus participatively set goals. KR. and individual
differences when goal difficulty is held constant. Journal of Applied Psychology 1979,66 -9129g.

Ivancevich, 3. M. Effects of goal setting on performance and job satisfaction. Journal of Applied Psychoiogty, 1976, 61, 60.617-

Ivancevich, 3. M. Individual difference s ad oranzatia al settaig: Issues, researcls, and new directions. Paper presented
at The National Academy of Manage en, an Francisco, i1.

Latham, C. P.. & Locke, E. A. Goal setting: A motivational technique that works. Organizational Dynamics, 1979, 8, (2), 68-40.

Lathami, C. P.. Mitchell, T. R.. A Oossett, 0. L. Importance of participative goal setting and anticipated rewards on goal
difficulty and lob performance. Journal of Applied Psycholoty, 1978, 63 163-171.

Latham, C. P., & Saari, L. M. The effects of holding goal difficulty constant on assigned and participatively set goals. Academy
of Management Journal 1979, 22 16-169.

Latham, C. P., Steele, T. P.. & San, L. M. The effects of participation and Kesl difficulty on performance. TR-GS-6. College
Park, Maryland: University of Maryland, 1931.

Latham, C. P., & Yukl, C. A. Assigned versus participtivet goal setting with educated and uneducated woods workers. Journal
of Applied Psychology, 197 Ja, 60 29-302.

Lat'iam, C. P., & Yukl. G. A. A review of research on the application of goal setting in organizations. Academy of Management
Journal. 197 b, IS1 82-845.

Loci~e, E. A. Toward a tieory of task motivation and incentives. OrganiZational Behavior and Human Performance, 1968, 3
V-7189.

Locke, E. A. The ubiquity of th~e technique of goal setting in theories and approaches to employee motivation. Academy of
\ arage. ent Rev'iew, 1978, 3, 394-01.

Locke, E. A., Feren, D. B., McCaleb, V. M., Shaw, K. N., & Denny, A. T. The relative effectiveness of four methods of
'notivating enpioyee performance. In K. Duncan, M. Cruneberg, & D. Wallis (Eds.), Changes in workinit life. New York:
Wiley, 1980.

Locke, E. A., Sarota, D., & Wolfson, A. 0. An experimental case study of the successes and failures of lob enrichment in a
government agency. Journal of Applied Psycholog~y, 1976, 61, (6), 701-711.

Locke, E. A., Shaw, K. N., Saari, L. Mi., & Latham, C. P. Coal setting and task performance: 1969-1980. Psychological Bul!etin
1931.90, (0), 125-152.

Maynard, H. B. (Ed.). Induttrial engineering handbook. New York: McGraw, 1971.

Miner, 1. B. Theories of organizational behavior. Hinsdale, IL: Dryden Press, 1980.

Miitchell, T. R. Organizational behavior. Annual Review of Psychology 1979, 3,2743-281.

Newsweek. An economic dream in peril. Author. September 8, 1980, 30-69.

Patten, T. H. Pay: Employee compensation and incentive plans. New York: Free Press, 1977.

Pritchard, R. 0., Bigby, D. C., Beiting, M., Coverdale, S., & Morgan, C. Enhancini oroductivity through feedback and goal
setting. AFHRL-TR-91-7. Brooks AFB, TX: Air Force Human Resource Laboratory, May 1978.

Taylor, F. W. The principles of scientific management. New York: Norton, 1967. (Originally published, 1911).

Yukl, G. A., & Latham, G. P. lnterrelation*'.ips among employee participation, individual differences, goal difficulty, goal
acceptance, goal instrumentality and performance. Personnel Psychology, 1978, 31. 313-323.

Tne views expressed in this paper are those of the author and are not necessarily those of the Department of the Navy.

77



THE DETERMINANTS Or GOAL CHOICE, WORK MOTIVATION
AND TASK PERFORMANCE

James A. Riedel
Delbert M. Nebeker

Navy Personnel Research and Development Center
San Diego, California 9ZI12-6800

Uckground

In many organizations goal setting has been found to be a powerful technique for influencing work motivation and
performance (Locke, Feren, McCaleb, Shaw, and Denny. 1930). Wlue the positive effects of goal setting on worker prodoctivity
have been denonstrated repeatedly, a major weakness of this approach is the failure to specify the procesi by which goals are
set. The central argument of this paper is ttlat the process of goal choice may be central to understanding the relationship
among organizational context, goal setting, motivation and perfonnance.

With few exceptions, there has been little research directed toward understanding the determinants of goal ,hnice,
acceptance, and commitment (Steers & Porter, 1979). This is unfortunate '5ecause goal setting 'joes not take place independently
of the work place; reward systems and other work setting characteristics come togethee to affect goal choice, acceptance, and
commitment (Crawford, 1932). Some investigators, however, have attempted to use an expectancy theory model to explain goal
choice and acceptance. For example, in both laboratory and field settings goal acceptance has been reliably predicted using
expectancy and valence measures (Dachler & Mobley, 1973; Mento, Cartledge, & Locke 1990;, Steers, 1973). In a related line of
research, expectations of success and the value placed on the outcomes of goal attainment were found to be the principal
determinants of "level of aspiration" (Frank, 1941; H.:gard, 194211933). These two factors are highly related to the core
concepts in expectancy theory: expectancy and valance (Vroom, 1%4).

In addition to a limnt.-d understanding of how people set goals, the relationship between goal setting and other mntivational
teliiqute.s is umi.!ear. This, in part, may be d.c to tile fact that there has been little integration of goal setting with
motivational theories. The role of motivational techniques, such as monetary incentives and goal setting, in work motivation and
performance is oree of the most underresearched and poorly understood areas in organizational behavior (Opsahl & Dunnette,
1966; Lawler, 1911).

The need for a better understanding of the process of goal choice is evident. This process may provide insight into the
relationship among goal setting, organiz:ational context, motivation, and performance. Also, this process, if linked to motivation
theory, should help to clarify the relationship among goal setting and other motivational techniques, such as monetary Incentives.
The purpose of this study is to offer a preliminary model of goal choice, work motivation and performance. This model is
presentod ii, rigiire I. As a preliminary test of its validity, selected elements in the model will be examined to determine its
usefulness as an explanatory device.
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tF't re I. A Model of Col Choice, Wiork Motivation, and Performnnce.

Work Motivation Model

Based on expectancy theory concepts and prom.esses, the model shown in Figure I explains work motivation and performance
as a cognitive process where an individual chooses, from alternative performance goal levels, the level perceived to be most
attractive. This perception of attractiveness is based on various beliefs and feelings a person has regarding the likelihood that
performing at certain levels will lead to particular job outcomes. Contextual factors, such as the opportunity to earn inonetary
incentives for good performance, will influence these beliefs and feelings. The hypothesized effect of the performance goal is to
influence the amount of effort a person is wiling to expend in accomplishing the goal. Furthermore, an individual's self-
assessment of ability as well as actual ability are presumed to moderate the relationships among performance goalp effort, and
performance. Since in this model the goal concept is a major determinant of effort and performance, It is crucial to understand
how people choose their performance goals.
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The model suggsts that Contextual factors influence vralence, an individuars anticipated satisfaction with particular levels
of dif ferent jobs Iutro-nei, arid instrwsnentaslmty, the expertaiscy that different performance levels are associarted with different
ouitcognes. Contextual factors also affect expectancy, a person's belik-f concerning the likelihood of achieving a particular level
of perfleinance if they tried their best. Valenc e and instruoientaslity combine 1;urltipticatively to determine performance
valence. Performance valence is a hypothetical construct that represeirts the anticipated satisfaction of performing at a Xiten
leiel of fis tforinance. The anticipated sats.factico for a given performance level is derived from its degree of aswsoition with
pirtirtlar joh %vitcoorrs and thre valence of those j.'b otitro.,relt to thve sinidual. rerformonre valenev co.,rtvmnei. iultiplitively
with extpectanc). This product beoeoi the percept ion of attractiveneis for each performance level. In essenice, each possible
level of tas performance- acquires valence through its association with certain job outcome% and the anticipated satisfaction
associated with these outcomes. Tizis perflorinance, talence is& then modified by a person's oeliel concerning the likelihood of
achieving that level of performance given his or tier best effort. The result is a perception of attractiveness for each level of
per l01r1,1.'e.

The 'oiet specifies that goal choice is based osn a person's% evaluatton ifl tile relatire attractiveness of various performancre
levels. The model is flexible in that it accommodates alternative decision strategies (e.g., return on ef fort, maximization, value
iatching). itI this stud) the return or, effort approa~ch, which assinies Oiat people use an irncreinental decision trite in choosing.a

goaIl. was usedt In detrrmnmirin1r. thle goasl choice predirctmin. *it this apprnach lte mtodel wouild predict goal hricuice to be somru'
ricassire reflectiilte mnarginal gasin in the attrasctivenehs of performnce for performing at a partirmlar level. While this

.slppoa. h has bee,, S.:cessfIully employed to Improve expectancy theory predictions of performance (Kcipelitiarm, 1977), eolpiricrsl
evidet rr-i I ching comvermni; the relative accura, y of alternative decision straxtegies. Addmtiot.-4l work is needed to determnine
whetlier thre return on effort approach offers the best representation of the goal choice process.

Tlmr. rr'ramjider of thle model describes the' firm csi by win. It prfiormance goals are translated into work miotisatron, and thle
.aork miortivatroir Into task performance. The hypothettcal relationship of these concepts and the process by which goals are
it rnstarted Into perforimarnce is based on the broad theoretical position that Performance (P) equals thre product of Ability (A) and
iouivation (M); (P rA X K)

Ttiorigli coglitmons ierve terhc isirpose%, they are inifluenced by past behavior and experience. The miodel specifies feedback
loopuls siggirstlng that a person's effort-perforinance expectancy is imflii.'.nced by past expemiditures ot effort and performrant:e.
Nhso. past performnance affect% both a person's objective ability and their subjective estimate of their ability. These factors, in
trn, affet t fuiture' effort and performance. The riodel is dynamic iii tbht the source of purposive action is cognitive activity,
though not necessarily conscious, that is influenced b) past actioni arid its consequeisces.

Method

511r)Jecti

Oitiiinmdred and thirty esperimnental subect% piarticipited iIt this study. Their average atge was 21 years. Seventy-onle of
ltre snibp., ts were female aodr 59 were ma.'le. Approxiima~tely 40% -vere huigh school stumlecits and the remi~ning 60% were
wrirfergradute college studetits. Somne data for six subjec~ts were missing ariJ therefore were unavailable for some of thle
al'alyses.

Prt.edure

1lite lpresvot %imidy was par t of a lanrger work iicmrili study designed to Investigate thme effects, of alteroative incentive
mragnituides onl per forinance (Riedel, Nebeker, & Cooper, 198 5).

Snlibler t,. %erc recrited for part-time crrplopnient to pe'rform a cleric rI transfer task. The 130 subjects who qualifierd for
lb' joi tr a1 sigoed rmriccioily tn I of 7 cicsperlinieoti I cmitio tas diiffering im termsi of the inagiritue of linci ti ye of fereid for
iaionis levelIs of perforrianuce. They worked 5 days, ii hours a (fay, for a total of 20 hours at a rate of $4I.40 per hour.

Research questionnaires were adinistered three tines: after assi'nrnerit to an experimental condition, at thle Start of tire
third ilfsy, and at tire start of the fifth day. These questionnaire% contained the expectancy and goal itemis needed for evallitig
tile moidrl predsctiomrs. The (litlity arid quantity of perlornce *as recorted daily. A detailed description of the experimental
pror rdrr, treatmrent rmiditrois, roristrur Is ncid inemismres, arnd iiretliod of wage and mfciti IC paymrenit Idii be obtained frciri lire
author.

Results

&iampliitl Ctir.,k

lInt.crtrvee arid fierformiar'ce. It was expected thrat subjects in thre incentive conditions would perform better tlian irubjects in
thre naninceirtive groups. To test this hypothesis, an analysis of variance was performed with treatmnit condition as the
drependent variable.

rime rvells rot tis anialysis suggest .n signuiclot treatmnirrt effect, r(6,1 20) .3.27. 2 e .005. A planned coinpzrisoo of tire
perlarmaiir-e mir'ans for tire mcoentive arid noririceirtive groups resvealed a signi ficauit difference, ill 20) m3.87, 2 .00I.

Ilirceintrvs arnd nistruientity. Sublerts were asked tile %mount of pay they expected to receive' it tile) were to perfoulr at
aliternative levels of performnce. Judging frain tire responses, the perforirrance-pay relatmonsiup wars accuirately perl erveni by
isost subjects i. ross tire treatmen'ft groups. For all conditions thre reported pay instruinenta Iities approximrate tire actual
rela t inrustips ibetIweeni pay arid performrance.

Niodcl Predrctions

The centrarl research question pertained to lte capacity of thre model to account for tire process of gal choice arid task
jt tiorriire. 10 C altrite thre model, gril choice (level) was predir ted by thre miodtel, using I return air effort decision algorithmri.
Tis predictin was comnpared with self-reported goal choice. Also, tire ability of them.nodrel to predict performailce was
r'vaiimted hry correlating thre predrted performance with actual task pei formoance. The results of these anralyses are summariz.ed
below, first for goal choice and then task performance.

Goal t r om e. Priur it, evallratir tire goal c hole prrdit miom, respuoi.;v to tire self. repnfr t goal r iroic rirestl were
exain ed. T wei I'x sniijl(( ts 5en'c ten a nli uI niiui l i ' 1e (e.g., 5 us per hour), 39 subju t s se lu-cted a qiui l ait ive
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ra.-' w,tsi a ti~nge (eg. -7 units per hour), and AMO sunlet-ts soet ni -91ocntitastifl go~tuls (e.g.. to do in) best). To Increasse tile
samnple tote for ti.' single qcphtitalair goal categvof., .ingie goal% for suibje. is 'vith qiantitatvre range F.oals were eo1miled by
a,.i~~rspng the ipper an') lower anch.,r of their taooge go-at rese. Tie resulted sin 45 cases with a single qoantitative
production goal.

Th- ao,. I preti. to )-, of goal - hssice rortelat-'d %ignOi.- .snth with. sohlreportA-4 gil i~cr Ir - .31) aid t is) petfortnisar

it . VP9. thoth .. ooI.%.omt (I) t .001). It itas AI in tere-st to *l. iro.f ne of the reiastiviships "ltween tiii gnsl mAAsusre ao..C
s.f.r i-. e ,.I .i. tamd lor tile entire sa-npl. it. lWioio people - a tout driant .tais S. p oals. fr the C-Itire Simlple tile

A rreljitouv htiween the ptedir'.ed goail choooe .io. p.erforinam . - . 54) and for people withosit quiantitative "Ias (r i 5)
..,i. uigiiif a,-t (j! ic .60)ll. Also, the restilti of .s I test indicate nso %.gnifi'-ant -nean difference in perfoniance between those
J-.ople 4h., se o- 'tt1tJ goaIl And those . ople mhoo did icot set a qitntitatove goal. It appear% thait the goal Choice predictonf
C r).o the ress. Ii nviel1. haledl on tile return on effort .olgorotto-ii. relastes highly to solf-reported goas! choice. The model also
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THE EFFECTS OF REWARD MAGNITUDE AND DIFFICULTY OF PERFORMANCE

STANDARDS UPON INDIVIDUAL PRODUCTIVITY

Delbert M. Nebeker
1

Navy Personnel Research and Development Center
San Diego, CA 92152-6800

Management systems that control productivity and performance
are critical to the success of organizations. One form of
control system known as a Performance Contingent Reward System
(PCRS), is receiving increasing attention in the U.S.,
particularly when it involves financial incentives. This is
partly a function of the critical productivity problem we face in
this country, and partly because recent evidence shows financial
incentives to have a strong positive impact on performance (e.g.
Nebeker, Neuberger, 1985; Locke, Feren, McCaleb, Shaw & Denny,
1980). In spite of this evidence the use of financial incentives
as a means to increase productivity remains a controversial issue
(Belcher, 1974; Lawler, 1983). If financial incentives are to be
used effectively as a means to improve worker efficiency, we must
have a better understanding of how they operate. We need to
know how reward systems should be designed to maximize their
value.

The design of reward systems can vary along a number of
different dimensions. Theses include the following:

1. Objectivity of performance measure. The degree to which
the performance measure is measured objectively as opposed
to subjectively.

2. Performance aggregation level. The number of people
include in the performance measure who share a reward.

3. Performance standard. The difficulty of the performance
level required to earn a reward.

4. Sharing rate. The percent of earnings "saved" by
performing above standard that is given as a reward.

5. Performance period. The length of time that performance
data is accumulated before a reward determination is made.

6. Feedback type. The method of providing performance
feedback.

7. Feedback period. The length of time between performance
feedback.

1The views expressed in this paper are those of the author and
are not official and are not necessarily those of the Department
of the Navy
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8. performance-reward function. The shape of the function
relating reward to performance.

9. Incentive period. The length of time following the
performance period before payment is made.

Little is known about the optimal values for these
parameters in various work situations. Virtually no empirical
research directly addresses these issues in work environments.
Theory is only slightly more helpful. If we were going to get
answers about the optimal values for these parameters we were
going to have conduct some parametric studies. Our field
experience had suggested that two of the more important
parameters in the design of reward systems were standard
difficulty and reward magnitude.

In reviewing the literature we found the following: There
is disagreement over whether performance standards ought to be
made difficult to reach (Locke, et al., 1981, Barnes, 1980) or
attainable for most workers and therefore easy for many (Peters &
Waterman, 1982, Motowidlo, et al., 1978 ). Evidence for both
points of view can be cited. One possible reason for the
apparent contradiction is that the effects of the reward
magnitude have not been adequately considered in research on
standards or goal difficulty. It is quite likely then, that the
affects of easy or difficult performance standards are moderated
by the magnitude and/or the attractiveness of the rewards
available for reaching and exceeding these standards (Matsui,
Okada & Mizuguchi, 1981).

The instrumental learning and conditioning literature (c.f.
Logan, 1970,p.90-91) posits that increasing magnitudes of reward
have "diminishing returns" on performance (at least for rats).
This suggests that very large rewards are likely to have a lower
marginal utility than moderate rewards. Some of our own
preliminary research supports this contention with people at
work. Practical applications of reward systems in real
organizations, however, show wide variability in the amounts of
reward offered for performance above standard. Examples in
business and industry can be found with sharing rates ranging
from 10% to over 100%. It is reasonable to assume then that
systems designed to pay very large rewards are likely to produce
marginally less improvement and be less cost effective than
systems that pay more moderate amounts.

The present research was designed to help us understand the
interactive effects of these two variables by exploring the joint
effects on productivity of varying degrees of reward magnitude,
as defined by sharing rate, and standard difficulty.
Furthermore, it is expected that worker ability will affect the
relationship between standard difficulty and reward magnitude.
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Method

Research settinQ
This research was conducted in the Organizational Systems

Simulation Lab (OSSLAB) at the Navy Personnel Research and
Development Center. The OSSLAB is designed to create a high
fidelity simulation of real computerized work environments.
Microcomputers are used as workstations so that individuals can
be hired to do real work tasks under experimentally controlled
conditions.

Subjects and design
Twenty-four employees (8 males,16 females) were recruited

and hired (at $4.89 per hour) to provide technical support to the
Navy Personnel Research and Development Center. Their job was to
enter and maintain references in a data base for searching and
retrieving the scientific literature. The Ss were required to be
keyboard proficient before being hired. They worked two 4-hour
shifts a week for eight weeks. A Work sample test given to
measure ability revealed no significance differences between the
two shifts.

The research design called for the Ss to perform their work
under three reward conditions: (1) Baseline or control; (2) small
incentives, wherein 15% of the wages saved by performing above
standard were paid to the employee as a bonu and; (3) large
incentives, wherein 50% of the wages saved by performing above
standard were paid to the employee as a bonus. Furthermore, the
shifts were designated as either the easy standard group or the
difficult standard group. The easy standard group had a
performance goal or standard set at the 20th percentile of the
group's baseline performance level. This meant that 80 percent
of the group was already exceeding the standard when the
incentives were introduced. The difficult standard group had
their performance goal, or standard, set at the 90th percentile.
This meant that only 20 percent of the group were exceeding the
standard when the first incentive was introduced. These values
were chosen to match two interesting findings. 'Barnes (1980)
demonstrates that standards set by usual industrial engineering
methods typically produce standards that only 10% of the people
exceed without performance standards and feedback or incentives.
The difficult standard shift was designed to match this
condition. The easy standard was chosen to match the finding
that 80% of workers believe they are performing above average.
Thus the standard would be consistent with there own self-
concept.

The final design was a 2 X 3 factorial design where standard
difficulty level was a between-subject factor and incentive level
was a within-subject factor.

Procedure
On the first day of work the Ss reported to the job site and

were welcomed by their first and second level supervisors. They
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were given an overview of the work they would be doing with an
emphasis being placed upon the value of their job and how
important accuracy and quality were to the information system a
long with speed.

They were then trained on the use of their work stations,
(IBM PC-XT microcomputers). This included the use of both
hardware and software. Upon completion of this training their
shift was completed for the day and they were excused to leave.
On the second day they were given additional training on the
task, allowed several practice items and then given the work
sample test. Following the work sample they began their assigned
work of entering and maintaining the references in the data base.
The remainder of their employment consisted of their performing
the task each workday. The only variations in this schedule
were: (1) the introduction of the small incentive during the
third week and the introduction of the large incentive during the
sixth week; and (2) the administration of work perception
questionnaires on four occasions spread throughout their eight
weeks of employment; (3) the readministration of the work sample
test at the end of the second week.

Performance was measured by keystroke rate, the number of
keystrokes per hour. At any time during the experiment the
workers could chose to view, on their screens, one of several
reports of their current and "to-date" performance. During the
baseline/control condition, prior to the introduction of the
incentives, these reports included only raw performance
information such as keystroke rate, hours on the tasks and
regular pay. Following the introduction of the incentives,
however, the reports added: (1) A listing of standards and the
workers current and to-date performance efficiency against these
standards (e.g. keystrokes per hour/standard keystrokes per
hour); (2) the current and to-date bonus earned for exceeding the
performance standards; (3) current and to-date total earnings

Results and Discussion

Daily performance means were used as the chief dependent
variable in a series of moderated multiple-regression equations.
In these equations the ability score was entered first, as a
subject-covariate factor; then the the dummy coded treatment main
effects; followed by the two-way interactions and; finally the
three-way interactions.

The results of these analyses reveal a highly significant
multiple R at each step and an overall R=.89 (R =.79; p<.001).
In this regression three significant predictors of keystroke rate
were found. Ability, as measured by the work sample test,
accounted for a large portion of the performance variance
(Beta=.583;F=42.42;!f=ll/202; p<.001). Also contributing
significant portions of the variance to the prediction of
performance were the interaction of standard difficulty with the
large incentive manipulation, (Beta=l.213;f=8.21;df=ll/202;
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p<.005) and a three-way interaction between ability, standard
difficulty, and large incentives (Beta=-l.274;E-9.928;df-11/202;
p<.005). The relationships produced from these effects are shown
in the figure below.
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As can be seen the independent variables and their
interactions produce some interesting effects on keystroke rate.
First, it is obvious that there are large ability differences in
performance and interaction effects for incentive level, standard
and ability. High ability workers perform significantly better
in all conditions than low ability workers. Second, when
performance standards are relatively easy, increases in
incentives result in performance increases for all ability levels
at each level of incentive. When the standards are difficult,
however,_ performance forthehigh ability workers, first
increases for the small incentives and then decreases, when the
large incentives are introduced. Finally, with small incentives
and the difficult standards, the low ability workers perform
better than their counterparts with easy standards. With the
introduction of the large incentives, however, their performance,
does not improve, while the easy standard group's does, allowing
the easy standard group to out- perform the difficult standard
group.

From these results the following points appear clear: (1)
Performance improves substantially with the introduction of both
standards and incentives regardless of whether or not the
standards are difficult or easy and whether or not the incentives
are large or small. (2) It appears that the amount of
improvement with easy or difficult standards depends upon whether
or not small or large incentives are being offered for exceeding
them. The best performance, contrary to Locke et al.'s position
(1981), occurs when the standards are at the 20th percentile and
the sharing rate is 50%. (3) High ability worker's behavior
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under conditions of both high standards and large incentives seem
to be either discouraged by the opportunity to earn incentives,
or discount the value of increasing performance and actually
reduce their performance. Either of these explanations requires
a view of small incentives as providing only an achievement or
competence motive for reaching the goal. When large incentives
are introduced, however, financial motives for reaching the goal
may become dominant. Under these conditions the question of
discouragement and/or relative value may be significant factors
affecting performance. Which of these explanations (or some
other possibility) is superior remains for future research to
determine.
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Results of an
External Evaluation
System Development

in the Canadian Forces

Commander R.H. Kerr CF
and

Mr. Duane Tyerman

Background

The External Evaluation Process as part of the ISD (Instructional
Systems Development) model is under active study within several commands in
the CF (Canadian Forces). One such study, which is still ongoing, was des-
cribed in MTA Proceedings (Kerr et al, 1984); this short addendum reports
results and analysis of the findings in the studies involving 79 Dental
Technicians (graduates and supervisors) and 467 Administrative Clerks (grad-
uates and supervisors). Action proposed and underway is discussed in the
last portion of this report.

System Description

The system employed a mail-out questionnaire approach (individuals
also responded by mail). Question formats required the graduates and
supervisors to assess task completion in accordance with a question grid
providing for eight possible response patterns per task. Both trades were
assessed on 40-50 tasks. Response sheets were manually inDut into computer
files and subsequently edited ard analysed using special programmes designed
specifically to be 'user digestible'. Details of the formats and outputs
are described in the previous paper.

Results - Input Analysis

Ninety-eight percent of the questionnaires were returned and 42% of
the response sheets contained recording errors. Further analysis resulted
in only 18% of task responses being spoiled out of a total of 43,680. Al-
though an 18% spoilage rate is considered acceptable by the authors, revi-
sion to the input formats have been made and considerable improvement is
expected in reducing recording errors. A contract has been awarded to a
research firm to utilize optical mark reader equipment incorporating the
editing function. Because of the relative uniqueness of the input format,
and the multi-track aspects of response patterns possible in such a paper-
based system, no other option appears available in a 'mail-out' setting.
The majority of personnel responding found the format easy or very easy to
complete and spent a mean time of 32 minutes completing the questionnaire.

As indicated in the previous paper, test-retest reliability was
attempted with a sample of 60 of the original population, by a readministra-
tion of the same instrument one month later. After editing, 74% of respons-
es were identical to the original administration of those sampled. Because
of the multi-track aspects of response possibilities and because some res-
ponse change is expected (e.g. personnel may now have performed a task not
performed at the first administration) this response is taken to be reason-
ably reliable, and with form revision, line correlations should improve.
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Processing and Outputs

Processing was described in the previous paper and outputs were gener-
ated and provided to Training Managers. The External Evaluation business
could provide some earth-shaking insights into training continua but not in
these instances! Cases involving performance deficiencies beyond the
limited level were virtually non-existent and those tasks reported as being
not required were easily explained away as being infrequently performed. A
good example was the completion of a casualty form by a junior administrat-
ive cle,-k. Infrequently completed tasks such as these are being examined
for the degree of emphasis that these tasks have on course lengths. Further
action may be taken to alter job specifications which may eventually effect
the level at which the training is conducted. The authors are convinced
that their next populations should be chosen to expose and quantify areas
where some more serious problems are known to exist, which would enable more
components in training continua to be examined.

Training Managers on the whole were pleased with and understood the
outputs. The emphasis on job-orientation utilized in this system took much
explaining, mainly because the audience for outputs were training managers,
not performance technologists as discussed in the previous paper.

Further Analysis and Direction

The question of external evaluation in the CF has received renewed
interest in 1985 at National Defence Headquarters and other Commands have
instituted their own programmes and studies. The authors believe that Ex-
ternal Evaluation as applied to Pilot Training may demand different emphasis
than that required for Naval Technician training in that output analyses
have different descriptors in order for alleviable action to take place in
correcting performance deficiencies. The major demand appears to be in
developing a system which will monitor and correct 'overtraining' in order
to optimize training system efficiency. Apart from additional questions
being asked in the field using an existing External Evaluation system to
'flag' a possible overtraining area, the authors at this stage feel that the
internal evaluation and professional design processes would provide more
impact in guaging and correcting overtraining. Experimental designs could
then be utilized to verify, with the assistance of an External Evaluation
System whether differing training methods or standards result in acceptable
field performance. The authors have been tasked to examine this area in
1986.

Conclusion

This brief resum6 of proceedings is intended to provide interim
results on the development of an External Evaluation system within a CF
context. Future developments using improved technological advances such as
optical scanning techniques and use of video display terminals as inputs to
external evaluation systems harbinge a heightened future for this often
neglected process.
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Occupational Learning Difficulty:
A Construct Validation Against Training Criteria

Joseph L. Weeks
Air Force Human Resources Laboratory

Michael D. Mumford
Georgia Institute of Technology

Francis D. Harding
Advanced Research Resources Organization

Occupational learning difficulty is defined as the time required to
learn to satisfactorily perform occupational tasks. It is expressed in
terms of a quantitative index which is produced on the basis of information
obtained from structured job analysis questionnaires developed and
administered by the United States Air Force Occupational Measurement
Cetiter. For any given job specialty, a learning difficulty (LD) index is
derived by combining relative ratings of task learning difficulty obtained
from senior-level technicians and benchmark ratings of task learning
difficulty obtained from external occupational experts. The adjusted task
ratings resulting from this combination are then weighted and aggregated to
produce an occupational-level index of learning difficulty which can be
meaningfully compared across job specialties. A more detailed description
of the derivation procedure has been provided elsewhere (Weeks, 1984).

Once an LD index was available for most Air Force enlisted job
specialties and its reliability and validity had been demonstrated, it
served as a job-centered, frame-of-reference for various management
decisions. In this context, "'.ere are both primary and special apnlications
of learning difficulty information. Primary applications involve both
personnel and training management.

For example, to the extent practical, the order of job aptitude
requirement minimums are established so as to correspond to the order of job
specialries in terms of learning difficulty. This application contributes
to the optimal allocation of talent by ensuring that job specialties which
are highest in learning difficulty are manned by enlistees having the
highest aptitudes.

Learning difficulty indexes are also applied during the initial
job-offer process. Air Force enlistees are assigned to job specialties at
military entry processing stations on the basis of a computer-based,
person-job match algorithm known as PROMIS (Hendiix, Ward, Pina, & Haney,
1979). One of the policies implemented by PROMIS is to offer the most
difficult job specialties to the most talented enlistees. This process
obviously requires information concerning enlistee aptitudes and information
concerning job difficulty. Within the PROMIS system, job difficulty is
defined in terms of the LD index.

Another primary application involves decisions concerning mode of
training. Enlisted job specialties are designated as either category A, B,
or C skills. For category A skills, the mode of training is formal,
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resident or school-house training. For category C skills, the mode of
training is on-the-job training (OJT). For category B skills, the mode of
training can be either formal resident training or OJT. The LD index is one
of several inputs to the decision process associated with determining mode
of training.

In addition to these primary applications, there have been noteworthy
special applications. The LD index was used as an empirical basis for
justifying Air Force personnel quality standards in response to inquiries by
the House and Senate Armed Services Committees during the development of the
1985 Defense Appropriations Bill. Furthermore, it has been advanced as an
empirical basis for Air Force job and training requirements during
investigations by oversight committees such as the Government Accounting
Office and the Air Force Audit Agency.

Problem

Because of the importance of such applications, the validity of the LD
index is an issue of considerable interest. Burtch, Wissman, and Lipscomb
(1980) were the first to seriously address this problem. Their approach
consisted of correlating relative ratings of task learning difficulty by
senior-level technicians with benchmark ratings by occupational experts.
Observed correlations ranged from .54 to .96 for 100 different job
specialties. These results provided evidence of the convergent validity of
the benchmark ratings. Although this study was comprehensive in that

separate analyses were conducted for several different job specialties, it
cannot be considered sufficient by itself. Validation efforts must take
into account the functional role of learning difficulty information in
management applications. For all the applications previously described, the
occupational-level index rather than task-level ratings of learning
difficulty served as the referent for management decisions. Consequently,
there appears to be a need to evaluate the validity of the
occupational-level index of learning difficulty.

Method

Because the LD index is not applied to predict some criterion, construct
validation is considered to be more appropriate than predictive validation.
With construct validation, the goal is to evaluate the intrinsic meaning of
some measure of interest. This is accomplished by evaluating both
convergent and discriminant validity (Campbell & Fiske, 1959). Because the
LD index is a measure of learning time, strong relationships with the
training time for an initial-skills course associated with a specialty would
be expected. Also, because the LD index is a measure of a job property,

strong relationships with measures of personnel attributes would not be
expected.

In an independent research project devoted to the development of a
covariance-structure model of Air Force technical training, it was necessary
to collect information concerning occupational learning difficulty as well
as measures of student input, course content, and training outcome variables
for several initial-skills courses. Therefore, it was decided to extend
that effort to include an examination of the construct validity of the LD
index. Only analyses relevant to the construct validation of the LD index
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will be discussed here. Details concerning the development of the
covariance-structure model of initial-skills training are provided by
Mumford, Weeks, Harding, and Fleishman (1985).

Samples of subjects and courses used for the present analyses were
identical to those employed by Mumford et al. (1985). Courses were selected

from among approximately 200 initial-skills courses administered by various
technical training centers under Air Training Command. Courses were
selected to provide a representative sample with respect to numerous
criteria including course content, student flow, training costs, and
aptitude area. Subjects were sampled so as to provide a minimum of 50
students for each course. These procedures provided a total of 5,970

students and 48 initial-skills courses.

The independent variable examined in the present study consisted of the
LD index obtained for the job specialty associated with each of the 48
initial-skills courses. For each specialty, the index consisted of an
aggregate value obtained by deriving the average learning difficulty of
first-term positions in the specialty. This procedure was considered
appropriate because initial-skills courses are designed to provide training
for tasks likely to be encountered during the first term of service.

A wide variety of dependent variables falling into three broad
categories were examined. The dependent variables included those which were
expected to be highly related to the LD index as well as those which were
not. For dependent variables in each category, detailed descriptions of the

source of data and measurement process are provided by Mumford et al. (1985).

The first category of dependent variables consisted of measures of
student inputs. These measures included (1) students' average scores on the
composite of the Armed Services Vocational Aptitude Battery which serves as

the basis of the aptitude requirement for entry into the course, (2) average
reading grade level as measured by the Air Force Reading Abilities Test, (3)

the average academic motivation of students in the course as indexed by the
average number of difficult high school courses completed, (4) average
educaticnal level of students in the course, (5) educational preparation as
indexed by the average number of recommended high school course
prerequisites completed by students in the course, and (6) the average age
of students in the course.

The second category of dependent variables consisted of measures which
represent outcomes of training. These measures included (1) average final
course grades for students in the course as indexed by the average score on
end-of-block written tests, (2) average number of hours of special
individualized assistance (SIA) provided students by course instructors, (3)
the number of academic counseling sessions provided students, (4) the number
of nonacademic counseling sessions, (5) washback time as indexed by the
average number of retraining hours provided students, and (6, 7) the
academic and nonacademic student attrition rates for the course.

The third category of dependent variables consisted of measures of
properties of the initial-skills course and are described as course content
variables. This category included (1) course length (in hours), (2) course
diversity as reflected by the number of different units of instruction, (3)
expert's average rating of the abstract knowledge requirement of the course,
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(4) the expected student attrition rate for the course, (5) the number of
students per instructor, (6) the average number of months of instructional
experience of the instructors assigned to the course, (7) average ratings of
the quality of instruction provided by course instructors, (8) manning
requirements as reflected by the availability of a selective reenlistment
bonus for the specialty associated with the course, (9) length of academic
day (in hours), (10) the number of instructional aids employed per
instructional hour, (11) the percentage of training hours devoted to
hands-on instruction, (12) the frequency of formal feedback per hour of
instruction, (13) practice or the number of hours devoted to a unified body
of material, (14) student flow or total number of students passing through
the course per year, and (15) the reading difficulty of course materials.

Analyses undertaken to examine the construct validity of the LD index
were straightforward. Scores on the various student input, training
outcome, and course content variables were correlated with the LD index.
With regard to analyses involving student input variables, it is important
to note that the LD index for the job specialty associated with a course was
assumed to be applicable to all students in the course. Once the
correlational analyses were completed, the pattern of relationships
indicated by the correlational data were examined to evaluate the
discriminant and convergent validity of the LD index.

Results and Discussion

Table 1 presents the mean and standard deviation of each dependent
variable and its correlation with the LD index. Examination of the student
input variables indicates that all observed correlations were statistically
insignificant. Because the LD index is a measure of a job property and the
student input variables are measures of personnel attributes, this outcome
was expected. The fact that this expectation was confirmed by the results
of the present analyses lends support to the discriminant validity of the LD
index.

All observed correlations for the training outcome variables were
statistically insignificant. This outcome was also expected. As a result
of efforts to develop the covariance-structure model of training, we have
gained some insight into the complex interrelationships that combine to
influence training outcomes. Largely because of the instructional systems
design process which uses information concerning job tasks as one basis of
course design, the LD index is conceived of as having a primal influence on
course content. However, numerous student input and course content
variables combine to influence training outcomes. Consequently, the
relationships between the LD index and training outcomes are indirect being
moderated by several other variables.

The strongest relationships produced by the LD index were with various
course content variables. This was expected because as previously
indicated, the design of initial-skills training is guided by job content.
For instance, because the LD index represents learning time, it was expected
that a positive relationship would exist between the LD index and course
length. The fact that a moderate positive correlation was observed
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for these two variables tends to argue for the convergent validity of the
index. Moreover, it would be expected that the LD index would be
positively related to indices of course subject matter difficulty to the
extent that it is an intrinsically meaningful index. The moderate positive
relationships observed between the LD index and course diversity, abstract
knowledge requirement and expected attrition rate support this expectation.

In addition to these relatively direct relationships, it was expected
that the LD index would yield a number of more diffuse relationships. For
instance, it might be expected that fewer students per instructor and more
experienced instructors would be a means of compensating for task learniTig
difficulty. The observed relationships between the LD index and these two
variables lends support to this expectation. Further, it might be expected
that the overall quality of instruction would be low for tasks of high
learning difficulty. Again, the observed relationship between these two
variables supports this expectation. The positive relationship between the
LD index and manning requirements may be attributed to the fact that
specialties higher in learning difficulty generally require training which
is highly valued in the civilian work place. The loss of military-trained
technicians to the civilian labor market would, in turn, lead to a greater
demand for personnel.

:able :. -eans and Standard aeviation. 3: Dependent Variables
in.4 Bivariaze C.rrelations with the Learning Dtffl il:v !ndex

'.A.P!3LES -FAN STANDARD

DEBIATON

Student inputs IN - 5.9"0 students)

Aptitude Composite Score 's.800 16.31) .0-6 NS
Reading Grade Level I1. .10 1.00 .0). I's
A~ademic Motivation 39.u00 '.3-0 .'2o9 NS
Fducation Level 2.180 ..5 -.01-1 Ns
i1,scattonal Preoarari,n ".6"" .9. -.lly NS
Age -10.100 2.20 .,)35 N(5

Training Outcomes (K - -8 .osrses)

Final Course Grade 85.200 7.61 .076 NS
SIA time 6.500 15.40 .,)8 NS
Academic Counsel g 1.-5) 3.47 .. 3 73
Nonacademic Counseling .:70 1.56 -. 0'P NS
Washback Time II.i00 51.50 .066 %S
Academic Attrition .928 .16 .01- NS
Nonacademic Attrition .0). .06 -. 002 NS

course Content (K - 48 coiries)

Course Length -13.900 309.30 .501 **
Course Diversity 54.800 .3.30 .536 *
Abstract Knowledge Requirement 2..20 .98 ..67 **
Expected Attrition Rate .96 .03 .450 *
Student-Instructor Ratio 9.100 4.80 -.556 **
Instructor Experience 32.500 14.70 .591 **
Instructor Quality 2.500 .15 -.314 *
Manning Requirements .440 .49 .423 **
Day Length .480 .44 -.033 NS
Instructional Aids .270 .10 .161 NS
Hands-on Practice .10 .13 -.186 NS
Frequencv of Feedback .340 .12 -.191 NS
Practice 8.520 3.17 -.074 NS
Yearly Student Flow 1943.600 2662.50 -.200 NS
Reading Difficuity 10.980 .63 .031 NS

- Probability S .01 that observed r is a random deviation from a
population r of zero.

* - Probability ! .05 that observed r is a random deviation from a

population r of zero.
NS - Probability>.06 that observed r is a random deviation from a

population r of zero.
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Conclusion

In reviewing the results of these analyses, it seems reasonable to
conclude that the occupational learning difficulty index displays construct
validity. The index was found to be moderately related to both course
length and a number of indices of course subject matter difficulty lending
support to the convergent validity of the index. Moreover, the finding
that strong relationships did not exist between the LD index and a number
of student input and training outcome variables tends to support the
discriminant validity of the index. Overall, the evidence produced by
these analyses appears to indicate satisfactory construct validity for the
occupational-level index of learning difficulty.
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News about CAT in the German Federal Armed Forces (GFAF)

Wolfgang hildgrube

Psychological Service, Bonn, West Germany

Introduction

At the last annual %ITA-conference 1984 in Munich, a workshop
about "CAT in Germany" had presented the first activities and
experiences used computerized testing in the GFAF (named: CAT I).
Since 1983 the GFAF evaluated two exnerimental installations for
computerized testing at the recruiting centers in Munich and
Hannover choosing the practical approach by conventional testing
(Wildgrube, 1985 b; see also the contributions of Angermfiller and
Kulling).

Meanwhile CAT made an important step forward in the GFAF. First
a lot of paperwork to prepare computerized testing is accom-
plished so that in 1987 CAT systems can be operational at the
four recruiting centers for volunteers and the recruiting center
for officer candidates compiling the conventional procedure to
comnuter application. Second a major change is planned at the
recruiting centers for draftees. The final goal will he to
accomplish medical examination and psychological testing -
supplemented by psychological counseling - at the same day so
that each draftee knows, after one day at the recruiting center,
the date, location, and unit for the time in the service respec-
tively for his beginning basic training. Therefore individualised
testing by computer is necessary for this one day examination
for draftees. The corresponding pilot project started in January
1985 in Hannover using one of the CAT installations.

Aptitude Classification Battery

In the GFAF the Aptitude Classification Battery (EVT - German
abbreviation) is in use as the standard entrance examination for
draftees and volunteers (similar the ASVAB; officer candidates
have a special test battery). Parallel to the CAT developments
goes a major revision of the EVT battery, so that the GFAF
starts in January 1986 with the following revised test battery:

96



Fiqure Matrices Test 20 Items/8 Alternatives 18 Min.
(FMIT)

Word Relation rest 20 Items/S Alternatives 4 1/2 Min.
(WBT)

Arithm'etic Reasoning Test 20 Items/Input of the 14 Min.
(RT) Results (paner/pencil for

notices)

Spelling (Orthographical 60 Items/4 Alternatives 12 1/2 Min.
Test; RST)
k!echanical Ability Test 20 Items/S Alternatives 13 Min.
(rT)

Electrotechnical Compre- 20 Items/5 Alternatives 20 Min.
hension Test (EKT) (Pretest after RT:

8 Items 6 Min.)

Reaction Test (RP) 64 Ttems/ 6 Alternatives 3,41 M'in.
Input of the Results

Radio Test (FT) 150 Items/3 Alternatives 3,30 Min.
Innut of the Results

Signal Test (SigT) 18 Ttems/4 Alternatives 3 Min.
Innut of the Results

Doppler Test (DopT) 20 Items/3 Alternatives 4 Min.
Input of the Results

After the six conventional subtests, up to now carried out by
paper nencil, follow four special tests presented by maschines
("apparative" tests). This fixed sequence of subtests will he
used during the routine application of the EVT by computer.
Changes are possible at any time by interrunts of the proctor, for
example omitting of the signal test or stopning after the elec-
trotechnical comprehension test.

New Hard- and Software

Concerning the ranid develonments and changes in the area of
Personal Computer the definition of new hardware and further-
more, software for CAT was necessary (named: CAT II). Besides
the change from PC with 8 hit nrocessors to PC with 16 bit
nrocessors the new equipment will contain as an expansion of
CAT I further the four "apnarative" tests, namely reaction test,
signal test, doppler test, and radio test, so that the whole
Aptitude Classification Battery can he presented by computer.

There was conformity about that standard hardware and software
were not sufficient for CAT at fixed locations/recruiting
centers in the GFAF. At the end of the last year a booklet
with the detailed requirements was worked out in cooperation
between the GFAF and the German firm ZAK. The new hard- and
software will be delivered in D)ecember 1985. One installation
of the new equipment is assigned for the recruiting center of
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draftees in Munich, the other one is a twin-confiuration for
the recruiting center in !ildesheim which should be delivered
in Spring 1986.
In addition to the actual dovelopments by the firm ZAK various
firms present at the moment different concepts and corresponding
financial estimations to realise the requirements of the GFAF
concerning CAT for example in fifty recruiting centers for
draftees.

The new CAT equinment has the following characteristics:
- A local area network (LAN) is in use with 15 work stations

for examenees applicable different test batteries at each
station.

- The testing session will be monitored at a central place by
an TIM AT with harddisk. A second IBM AT - also in the LAN
linked - is located in a seperate room and will be used for
input of personnel/biographical data and for output of results
and furthermore the second central nlace is prepared as back
up for the master.

- Back un-arrangements are prepared at different levels, e.g. the
central places for monitoring (2 IBM AT), the work stations
(15 stations available), power interrupt (additional equipment
and software tools), test results (internal twin storage at
disk). There is no break allowed longer lian 30 minutes as well
a. thc loss or the repeat of a whole subtest.

- A work station can be described by these characteristics:
" a white screen witb black items, 768 x 1024 Pixels;
+ a headset for voice output;
" a special keyboard with a part for the compiled naner

nercil tests (ten digits and the green and red function
keys) and with four special parts for the "apparative"
tests (e.g. reaction test).

- At the central place of the CAT station monitors the nroctor
the test session, using different menues. A maximum of four
tasks are active so that an overview about tche state of
testing at any time is possible.

- The second proctor sits in the senerate room, types in the
nersonnel data (at the moment the system provides 18 menues),
or starts the output by a matrix printer (the different outnut
is tailored for the requirements in the recruiting center, at
subtest-, person- or item-level). The reference criterion for
all data is the personnel-id-number (similar the socil
security number) so that all data (personnel data, biogranhical
data, test data/restlts) are stored in a data base at the end
of the whole psychological examination. The possibilities for
transfer to a mainframe computer is considered, at subtest-
level online and at item-level via tanedrive for follow up
studies.

- The testing session starts for each examenee with an intro-
duction or learning phase. There is the chance to get practice
in the use of the keyboard and to learn the kind of testing.
If an example solved or typed in incorrectly the program
nresents the example item once more. This phase and the
example items before each subtest are sunnorted by voice
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output via headset. The whole text (without the items within
the subtests) is prepared by deltamodulation, stored at the
harddisk at each work station, and then monitored (screen and
voice) by program during the test session.

CAT Center

At the recruiting centers the testing station is only installed
for the application of the tests. After given in the password
the proctor starts the session using the different menues, while
a special nassword is necessary for data handling or for use
of utilities. All asnects of change of the items or the item-
pool or modification of the software or the testing procedures
will he carried out in the CAT center which is located at the
Federal Armed Forces Office in Bonn.
Until to the end of this year the following hardware will be
delivered: 1 central nlace (IB1M AT), 1 work station, printer,
plotter (for graphical items), tape drive (for data transfer to
mainframe at item level). Furthermore the essential software
will he nrenared for Bonn:
- Source codes of the whole application software.
- Compiler for Basic, FORTRAN, Pascal, C (te greatest part of

the software is written in C).
- Tools used by the firm ZAK for the software developments.
- Item editor for the input of granhical/nongraphical items,

instructions, voice modules, and for storage in an itempool
resnectively data base.

- Item editor for assembling different subtests, modifying testing
procedures, inserting instructions, and creating new test
batteries.

- Utilities for data handling and for the management of data in
a base.

- Statistic software for simple analyses at the personal comuter.

All changes and modifications are prenared in the CAT center in
Bonn and the flonpies containinR the newest version are distri-
buted to the recruiting centers for the daily routine testing.
In addition the CAT center is the link between GFAF and firm so
that all hardware troubles first are renorted to the CAT center.
So the CAT center will he the central nlace for all asnects of
CAI in the GFAF concerning hardware, software, itempools, data
of the examenees, as well as for the scientific evaluation.

Experiences and Results

The two pilot installations in Munich and Hannover (CAT 1) are
in use daily and the CAT results are applied to selection and
classification decisions. Now the data transfer is available
from CAT to mainframe computer via tape drive for different
statistical analyses.
Besides the computerized testing information has been collected
by an ad-hoc-questionnaire. Here are some results from selected
questions collected in Ilannover (also classified by the four
educational levels) and Munich.
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1. When I entered the testing room Hannover (N=223) Munich
and saw the testing equipment, I level of education (N-175)
was curious as to what expected 1 2 3 4 T 1
me

1. I was very curious 2 53 78 32 165 136
2. I was not so curious - 22 18 9 49 32
3. 1 was not curious at all - 2 5 2 9 7

14. Comnaring the computerized test
version to the naner and pencil
test, I think

1. that I like the comnuterized 1 61 80 32 174 134
form better

2. that I like the paper and 1 11 15 8 35 33
nencil form better

15. 1 often nlay video games (e.g.
"Star War")

1. yes 1 14 17 8 40 39
2. no 1 59 80 31 171 129

16. 1 have exnerience with home
comnu te rs
1. yes - 6 22 8 36 21
2. no 2 69 75 31 177 149

17. I participated in this test
with pleaslire

1. if yes, why 2 70 92 34 198 145
2. if no, why not - 5 3 4 12 18

The results indicate a high accentance of computerized testing
resnectivelv this kind of non-groun testing, by computer. The
examenees prefer the CAT application even if they have no expe-
riences with home computers or video games. So will he soon
comnuterized testing without any problems similar the conven-
tional paper nencil testing.

CAT offers the chance for recording more data as well as paper
pencil testing, so that more detailed analyses can be made. One
aspect is the item solution time which is recorded for each item.
But at time new models in testing theory and basic research are
necessary to interpretate this time-based data in addition to
the ability parameter.
An other important point concerns the difference in the test
scores during a day period shown in the following table.
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Test (time) Scores Time used per subtest (seconds)
morning noon P morning noon P

WAT (11.00) 13.86 13.01 .002 234 246 .000

FIDT (11.00) 14.46 13.76 .031 505 510 .504

RT (11.00) 9.99 9.13 .008 826 823 .690

NIT (11.30) 11.59 10.70 .001 712 711 .890

RST (12.00) 28.10 26.00 .004 172 175 .016

EKT (12.00) 6.63 5.55 .000 552 561 .202

There are significant and relevant differences between the two
groups (sample sizes approximately equal) in the scores of all
six subtests. Remarkable are the significant values for the two
subtests "word analogy" and "spelling" concerning the time used
per subtest. The table above shows for the other subtests very
similar time for solving the items in a subtest, while the scores
are different. Further research is needed for this aspect so that
different norms will be used for the morning and for the noon
session if necessary.

Wildgrube, W. (1985, a): Computerized Testing in the German
Federal Armed Forces (FAF): Empirical Approaches; in: Weiss,
I).J. (Ed.) Proceedings of the 1982 Item Response Theory and
Computerized Adaptive Testing Conference, Computerized
Adaptive Testing Laboratory, Department of Psychology,
University of Minnesota, April 1985, p. 353 - 359.

Wildgrube, W. (1985, h): Computerized Adaptive Testing (CAT) in
Germany - General Topics -; in: BMVg - P II 4 (Eds.),
Proceedings - 26th Annual Conference of the Military
Testing Association, Minchen, Fed. Renublic of Germany,
S - 9 Nov. 1984, coordinated by the Psychological Service
of the Federa" Armed Forces - BVg, P II 4, Bonn, 1985,
p. 151 - 156.
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EFFORTS TOWARDS THE IMPROVEMENT OF THE
COMPUTERIZED ADAPTIVE SCREENING TEST (CAST)

Deirdre J. Knapp, Rebecca M. Pliske, and Richard M. Johnson
U.S. Army Research Institute for the

Behavioral and Social Sciences i

The Computerized Adaptive Screening Test (CAST) was designed by the Navy
Personnel Research and Development Center (NPRDC) under the sponsorship of
the Army Research Institute (ARI) to provide a prediction of prospects' Armed
Forces Qualification Test (AFQT) scores at recruiting stations. This paper
briefly discusses the development of CAST and summarizes current efforts to
enhance its utility.

Background

Armed Forces applicants fall into certain mental categories on the basis of
their AFQT scores. AFQT, which is intended to be a measure of trainability,
is derived from a linear combination of subtest scores (i.e., WK, AR, PC, and
one-half of NO) on the Armed Forces Vocational Aptitude Battery (ASVaB). In
the Army, individuals who score at or above the 50th percentile (mental cate-
gories 1, 2, and 3A) are eligible for special options and benefits such as
the 2-year Enlistment Option and the Army College Fund. Applicants who score
between the 31st and 49th percentiles on AFQT (mental category 3B) qualify
for enlistment but are not eligible for special options. Lastly, those indi-
viduals who score below the 31st percentile (mental categories 4A, 4B, 4C,
and 5) are regarded as being low priority candidates for enlistment.

It is vital that recruiters have access to information which predicts pros-
pects' AFQT performance for several reasons. For example, recruiter's mis-
sions specify not only the number of recruits to be enlisted, but also the
quality of those recruits as determined by mental category classification.
Further, if a prospect appears to have virtually no chance of producing an
acceptable AFQT score, the recruiter may choose to discourage him or her from
further interest in the Army. The recruiter can then spend more time selling
the Army to more promi-ing prospects. Finally, if a prospect appears to be
of average quality, the recruiter may not want to spend much time describing
special options and benefits to the individual. On the other hand, it the
recruiter does not sell the options and benefits to those individuals who are
likely to be eligible for them, he or she is failing to use a powerful sales
tool. Clearly, recruiters can enhance their performance if they effectively
use a valid predictor of prospects' AFQT performance.

IThe views expressed in this paper are those of the authors and do not
necessarily rellect the view of the US Army Research Institute or the
Department of the Army.
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Description

As its name indicates, CAST is a computerized adaptive test. Adaptive
tests are constructed so that they are tailored to fit each examinee.
This is done by administering items which have optimal discriminability given
a particular examinee's ability. This can be compared to traditional testing
where all examinees respond to the same items, regardless of differences in
examinee ability. Hence, adaptive tests are more efficient to use than trad-
itional tests because a comparable amount of information can be gained from
fewer test items.

The item pool for CAST was developed by researchers at the University of
Minnesota (cf. Moreno, Wetzel, McBride, & Weiss, 1983) for use in the devel-
opment of a computerized adaptive version of ASVAB. Researchers at NPRDC
developed the software capable of administering items predictive of AFQT on
the Army's microprocessor system known as JOIN.

The current operational vers!on of CAST consists of 78 word knowledge (WK)
items and 225 arithmetic reasoning (AR) items. All items are multiple choice
with a maximum of five response alternatives. The items were developed using
the three-parameter logistic ogive item response model (Birmbaum, 1968); thus
each item has three parameters (discrimination, difficulty, and guessing)
associated with it. Test items for CAST were chosen so that the discrimina-
tion parameter values :ould be greater than or equal to .78; the difficulty
parameter values would rauge between +2 and -2; and the guessing parameter
values would be less than or equal to .26. The ability estimates yielded by
CAST are based on the Bayesian sequential scoring procedure discussed by
Jensema (1977). The stopping rule is ten WK items and five AR items.

Validation Informa*.ion

There are three validation efforts associated with CAST. The initial valida-
tion study was conducted at the Los Angeles Military Entrance Processing
Station (MEPS) with a sample of 312 U.S. Army applicants (Sands & Gade,
J983). The correlation between CAST scores and AFQT scores was .85. The
second data collection effort took place in Army recruiting stations in the
midwestern region of the U.S. during the first two months of 1984 (Pliske,
Gade, & Johnson, 1984). CAST scores were linked to subsequent AFQT perform-
ance via the social security numbers (SSN's) of the prospects. More specif-
ically, recruiters recorded prospect SSN's thus allowing the researchers to
locate the appropriate MEPS records. Matching records for 1,962 prospects
were located and the resulting validity estimate was .80.

The most recent estimate of CAST's validity is based on data which is being
collected from a sample of 60 Army recruiting stations during January through

December of 1985. This sample was selected to be representative of the popu-
lation of approximately 2,000 Army recruiting stations in terms of geographic
location, population density, and ethnic composition. The correlation be-
tween CAST and subsequent AFQT performance, based on preliminary analyses of
the first six month's of data, is comparable to those obtained in the
earlier studies (r=.82; n=2,240).
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Clearly, CAST is a valid predictor of AFQT performance. Of course, one prob-
lem with computerized adaptive testing is the need to have a computer stand-
ing by to administer it. Since recruiters do not always have this luxury,
there remains the need to use the Enlistment Screening Test (ESI), a paper-
and-pencil predictor of AFQT. The initial validation information regarding
EST was provided by Mathews and Ree (1982). Although their data yielded a
healthy validity estimate of .83, a cross-validation of the test has not been
reported. Consequently, the recruiting stations which have been providing
CAST validation data over the past year have also been asked to record the
SSN's and EST scores of all prospects who tate EST rather than CAST. Based
on six month's of data, the validity estimate is .79 (n=685). As expected,
the validity of ESI has been reaffirmed.

Proposed Improvements

Currently, efforts are underway to improve three specific aspects of CAST.
The first aspect concerns the kind of information that the test provides to
the recruiter. The second ana third aspects involve the test's item pools
and stopping rule. At the present time, CAST provides bar charts that give
information about performance on the WK and AR subtests and the examinee's
predicted AFQT percentile score. There are two fundamental problems with
providing only point predictions of AFQT scores to recruiters. The first
problem is a function of the statistical naivete' of most recruiters. Be-
cause the great majority of recruiters do not understand the concept of

4correlation, they do not adequately understand the nature of the point pre-
diction that they are given. Hence, recruiters complain that predicted and
actual AFQT scores often fail to be exactly the same. A second problem with
the use of point predictions concerns the way in which recruiters utilize
information from CAST. As indicated earlier, recruiters are primarily con-
cerned with the prospects' subsequent classification into one of three groups
of mental aptitude categories. Given these considerations, it seems that
recruiters would be better served if CAST provided output that reported the
odds associated with a given prospect falling into each of the three critical
mental categories.

Two approaches to category prediction are being studied using data from the
on-going validation effort described above. The first approach models the
strategy that recruiters probably follow. That is, one uses the point pre-
diction, which is based on a regression model, to determine the mental cate-
gory to which an individual will likely belong. The second approach is based
on classification analysis. In contrast to regression analysis, classitica-
tion analysis provides subtest weights that optimize category, rather than
point, predictions. Table I shows the percentage of cases ,4hich were classi-
fied into each of three categories on the basis of these two approaches. A
comparison of the two approaches reveals that they differ with respect to
where their prediction errors occur. Both approaches are good at identifying
individuals who fall into categories 1-3A (Approximately 75% of the people
who are predicted to be in 1-3A actually are in 1-3A). Classification analy-
sis, however, is much better than regression analysis at identifying indi-
viduals who are in categories 4A and below (80% versus 55% accurate
prediction). This advantage is at the expense of a somewhat poorer ability
to identify prospects who are in category 3B.
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TABLE 1

Percentage of Cases Classified

Into Critical ASVAB Categories

PREDICTED AFQT CATEGORY*
1-3A 3B 4A AND BELOW

ASVAB 1-3A 76/77 23/18 1/5
AFQT 3B 25/27 60/38 15/35
CATEGORY 4A and 4/4 41/16 55/80

below

* Regression analysis to left of diagonal; classification analysis
to right of diagonal.

Regardless of which method of category prediction is used, the information
provided can be presented in a way that would be logical to recruiters. For
ex:imple, CAST software could be changed to report the probabilities associ-
aled with an examinee falling into each of the three critical categories.
Tie recruiter could then compare the odds, and make an informed judgment con-
cerning his or her subsequent course of action. The important point here is
that presenting CAST results in such a fashion would make it clear to re-
cruiters that, although those results can be very useful, they are not infal-
lible.

Turning to the subject of CAST's stopping rule, the questions to be asked are
twofold. First, assuming that the stopping rule is to be based on number of
items, what is the optimal number of subtest items to administer? Second,
would it be better to base the stopping rule on the precision of the ability
estimate rather than on the number of items being administered? Data from
the latest validation study have been used to examine the first question.
The version of CAST which is being used in the 60 experimental recruiting
stations administers five more items per subtest than the operational version
of the test. It also records response time so that the time it takes to ad-
minister various subtest length combinations can be compared.

Validity estimates and average completion times were computed for six subtest
length combinations (5, 10, and 15 WK items; 5 and 10 AR items). Validity
coefficients ranged from .79 to .85. Completion times ranged from just over
10 minutes to just over 18 minutes. Given that the validity estimate associ-
ated with the current stopping rule is .82 and the average completion time is
a little over 12 minutes, it appears that an increase in subtest length would
not be justified. A substantial increase in completion time is required for
even a small increase in validity.

With an adaptive test, an ability estimate and the variance associated with
that estimate is computed each time an examinee answers a new test item.
Rather than stop the subtests after a given number of items are administered,
the test software can be altered to end the subtests once the variance esti-
wmte has dropped to a giver value. The advantages and disadvantages of al-
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te'ing CAST to rely on the latter type of rule need to be evaluated care-
fully. Also, the determination of an optimal variance criterion would re-
q,,ie further study.

The Iwo item pools currently contained in CAST will be expanded within the
next 2-3 years. Given the extensive use of the test, it is important that
the Item pools are large enough to prevent the frequent recurrance of par-
ticular test items. The possibility of developing items which will provide
optimal discrimination at the critical AFQT cutpoints is also being consid-
ered.

r) os.i Rg Remarks

CAST Is a very good test which we are seeking to make even better. At the
present. time, our efforts are primarily aimed at changing the software to
yield Information that will be of the greatest use to recruiters. Our plans
over the next couple of years are aimed at insuring the continued integrity
of the test itself.
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Abs Iract

The ethics and pragmatics associated with developing an automated

performance test system to study the effects of various treatments make

repealed measures in small groups of subjects the customary research

paradigm. in such cases, test stability, reliability, and factor structure
take on extreme significance. In a Navy program 80 percent of 150 tests

failed lo meet minimally acceptable psychometric requirements. Recent
findings with our battery show: acceptable psychometric properties in lerms

of both differential stability and reliability for both the long and the

short battery; two factors available for the 7.5-minute test battery; four

for the 15-minute battery and correlation with the WAIS. The factorial
richness of the battery is adequate and goes beyond the factors that can be
conveniently measured by more traditional paper-and- pencil tests into motor

sped dimensions that may have important prdctlcal implications for

assessment of concurrent functional capacity. Both factorial richness and

correlation with the more global cognitive capacity construct, IQ, might be

improved by the inclusiorn of subf.cales indexing verbal and arithmetic
abilities, however, adding factors is not without penalty. The trade-offs
of these issues (testing time, factor structure, stability, stabilization

time, and reliability) are discu ;s;,d. About a dozen validation studies are
presently ongoing. What remains is to demonstrate functional validity in
the detection of human functional capacity deficits in a real-world

setting. This should be our primary mission in subsequent work.

INTRODUCTION

Exotic work environments often include factors (i.e., weightlessness,

motion, fatigue, etc.) that disrupt performance. Furthermore, these

settings are typically populated by limited numbers of highly critical
workers. Kennedy and BiLtner (1977) have observed that two connected
concerns associated with the measurement of performance under such

conditions are the lack of sensitive tests and a general unwillingness to
expend the time and effort necessary to standardize such tests. A program
designed to evaluate performance measures (PETER) was undertaken by the

Naval Biodynamics Laboratory, New Orleans, LA (Kennedy & Bittner, 1977;

BiIIltwr & Carter, 1981; Kennedy, Bittner, Harbeson, & Jones, 1982), and
more than 150 performance tasks have been examined for suitability In
repeaIod measures research. Detailed descriptions of the evaluation
process and task metric selection criteria may be found in Bittner, Carter,

Sponsored by NASA No. 9 16982 and NSF No. 00559
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Kennedy, Ilarbe,:ori,, and Krause (1984). A listing of 30 tests which
survived this test and evaluation process appears in Bittner et al. (1984).
but for the most part the tests that were studied were paper- and- pencil

tests. The easy availability and economy of portable high speed computers

suggests that innovative methods for automated data collection and analysis
must be explored. Features that recommend microbased testing systems
include capabilities for fully automated test battery administration and
data storage, as well as portability and reduced size and weight.
Automated and portable microprocessors capable of administering and storing
per formance measures and responses provide the obvious vehicle. The
purpose of this report is to provide a descriptive overview and a brief
prospectus of the Automated Performance Test System (APTS), and report our
recenit progress in the engineering analysis of the battery in terms of
stdbility, reliability, factor structure, feasibility, and predictive
validity. ongoing validation studies which examine sensitivity to

tredt.ents are being recounted elsewhere at this meeting (Johnson, Kennedy,
MerkLe, Smith, & Bittner, 1985).

Rh('ENT TEST DEVELOPMENTS

Prel i:.iriary Study

Method and Analysis. The "best" six tests from the PgETR program

(Bittner et al., 1984) were programmed on a portable microprocessor and
administered along with tests in their original paper- and-pencil formats.
Twenty three Casper College male and female students were tested over four
replications on a 6.0 minute computerized battery. The group means,
stindard deviations, and 4X4 intersession correlation matrices were
calculated for each task in each testing mode. Task group means and
standard deviations were examined across sessions for evidence of task
stdbilizAtion. Intersession correlations were assessed for evidence of
task differential stability. Rapid stabilization was expected since at
least theoretically comparable practice was received within both modes of
test ing.

Results and Discussion. The data showed that all tasks in both modes
give good evidence of stability by the fourth session, with high
reliability efficiencies (r >.85) for 3 min. of testing. Improvement,
averaged across all tasks from sessions 1 to 4, was approximately 20%. The
ai.:ouriL of improvement for paper-and-pencil testing (22.4%) was, In general,
co'-parable to the amount of improvement demonstrated in the microbased
testing mode (19.3%). Typically, paper-and-pencil testing produced higher
scotos across test sessions relative to microbased testing; however, from
the Oita the acquisition curves for both modes are strikingly similar.
Futrlhermore, the task standard deviations provide good evidence that none
of the tasks in either mode has reached a ceiling. Clearly, all indicators
point to good and comparable metric characteristics for the paper-and-
pencil arid microbased versions of each task. The factor structure obtained
[ro: the arialyses of computerized test versions In euch of the four
sessions indicates the piesence of two well- identified factors in the
computer battery. Factor I is clearly a "motor" factor, probably related
to te,.ponse speed; as such, it affects performance on Pattern Comparison
arid Grd:matical Reasoning. Factor 2 is just as definitively a "cognitive"
[actor with its importance for various tests changing with practice. The
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clarity of analyses under this constraint is encouraging. With respect to
the paper and-pencil tests, there is reason to believe that. these are
essentially the same factors as for computerized versions, but the

computerized versions appear to stabilize earlier and to be more clearly

defined. It should be noted that in both the microbased and

paper and-pencil analysis a possible third factor gave indications of

emerging. The nature of the factor is unktiowri; however, the *automaticity"
of responses characteristic of well-practiced skills (Ackerman & Schneider,
1984) is a likely potential explanation. Also, a significant general

factor 'g' may become evident withir both modes of presentation. These

findings are described in detail elsewhere (Kennedy, Wilkes, Lane & Homick,

1985).

Stabilization Study

Method and Procedure. Thirty-one male and female college students were

recruited for participation. Prior to testing, subjects received a brief

introduction to the purpose of the study and were advised regarding the

general procedures associated with data collection. Ten (10) paper-and-

pencil batteries and ten (10) microbased batteries were administered per

subject, and the subjects were also tested individually with the Wechsler

Adult & intelligence Scale (WAIS). Six of the tests previously recommended

above as a "mini-battery" for envronnnial research were included for

exd-ination. Four additional tests were also studied. The group means,
standard deviations, and intersession correlation matrices were calculated
for each individual paper-an4-pencil and microbased test. Group means and

standard deviations were examined for evidence of test stabilization, and

intersession correlations were assessed for evidence of differential

stability. Task definition (magnitude of r after stabilization) was

determined directly and then adjusted according to the Spearman equation

fot test length and called average stabilized "reliability-efficiency" (to

a 3-minute base). Predictive validity was assessed by comparison with an

individually administered test of intelligence. Factor analyses used the

principal factors method with squared multiple correlations as community

estimates, followed by normalized varimax rotation.

Results and Discussion.

o Stability of Means - The overall impression of the 10 tests was

that continued improvement occured over all tests but is slowed down in

those tests considered stabilized. The Sternberg test appears to stabilize

by Trial 4. The Preferred Hand Tapping and Non-preferred Hand Tapping

tasks stabilize rather late in practice, by about Trials 7 or 8, whereas,

the Two Hand Tapping task appears stable by Trial 4. The Pattern

Comparison test stabilizes very rapidly, by at most Trial 3; whereas the

Manikin test stabilizes later at Trials 6 to 7, as does Code Substitution.
Gramatical Reasoning stabilizes rapidly, by Trial 3, and Reaction Time by
Trial 5. The Landolt C test of dynamic visual acuity did riot appear to
stabilize over the 10 test days. There appears to be a strong learning

component in this test as it is presently structured on the computer; thus
it's stability is insufficient to be retained in the lest battery in its
current. form. clearly, the acuity test is a candidate for improvement in
future versions of the performance battery.
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o Standard Deviations - The standard deviations are constant and
give no evidence of ceiling effects.

o Differential Stability - The Sternberg, the three Tapping tasks,

Pattern Recognition, and Manikin reach apparent differential stability by

Trial 3. Code Substitution, Gramatical Reasoning, and Reaction Time reach
differential stability somewhat later, but apparently by Trial 6. The
average reliabilities of these tests are all quite high. The
intercorrelation matrix for the Moving Landolt C, on the other hand, does
not give any indication of reaching differential stability.

o Factor Analysis - We recognize the limitations of performing a
factor analysis with such a small sample, but are somewhat encouraged by

L.h, ,-od stability and high reliability of the tests and plan for these
results to be advisory. Factor I loads on Pattern Comparison and Code
Substitution of both computer based and paper-and-pencil versions, and also
loddS on the Manikin and Fitts Histogram test which did not have dual
versions. Factor 11 appears to be a Motor Speed factor because it loads on
Reaction Time and the three Tapping tasks as well as the Sternberg, but
],,.. (on none or the paper and-pencil tests; therefore, Factor 11 may
represent a construct that can be measured via computerized testing but not
by stardard paper-and-pencil tests. Factor II is probably best thought of
as d Motor Control factor because it loads on Tapping tasks and Spoke and
Ai!-irig. Factor IV is a pure Gramatical Reasoning factor, loading on both
forms of this test.

o Correlations with WAIS - The microcomputer based tests clearly

correlate most strongly with Performance IQ and less strongly with Verbal
TQ. The stronge;t simple correlation between the computerized tests and

Full Scale IQ was for Gramatical Reasoning, although Non-preferred Hand

Tapping was fairly high. The R squared values indicate that a substantial
proportion of Performance IQ variance can be predicted from the
computerized battery, but may also suggest that a more verbal subtest would

improve the relation to Full Scale IQ.

o Paper Arid Pencil Tests - These tests essentially replicated the
microprocessor based tests and a more complete description of these
findings appears in Kennedy, Dunlap, Jones, and Wilkes (1985).

o General All but one of the microcomputer tests could be
recommended for a mid-ranged (<10 :-in.) battery. Based on the factor
analysis, we would suggest Pattern Comparison, Sternberg, Tapping, and
Grammatical Reasoning. We would also propose that each test be
administered twice as long in order to improve the reliability and thus
afford an opportunity for improved sensitivity.

Conclusions

The philosophy of our approach to performance test development involves

three different phases. The first is to deal with only tests or tasks that
can be sho'n to be psychometrically sound. This requires that we
deur.orstrate stability of means and standard deviation within few
ad;:inlistrations, arid ::ost important, that differential stability, the
syr..:etry or constancy of trial- to- trial interco7relations, be shown to
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occur quickly and at high values. The second phase is to show that the
battery has factorial multidimensionality dfnd Ihat the subscales
cross-correlate with earlier performance tests and other recognized
instruments of ability. Finally, it is necessary to demonstrate and
document sensitivity to factors known to compromise performance potential
in laboratory and ultimately real world situations.

The cross correlation between the Portable Human Assessment Battery and

the WAIV; IQ measures was particularly interesting in that a substantial
portion of the performance subscale variance could be accounted tor by this
self-contained self- administered short battery of computerized tests. If
arithmetic and verbal subtests were implemenled -:e would be able to
substantially improve the correlation with full-scale IQ. of very great
interest were the strong relations shown between Nonpreferred Hand Tapping
and the verbal WAIS subscale. This was the second highest intercorrelation
with the full-scale IQ. Jensen and Munro (1979) hypothesized that complex
reaction times should be better predictors of general intelligence (g) than
simple reaction i imes; and certainly this procedure is borne out by the
pre:,-nt data, in that the Sternberg, a complex motor response task, has a
higher correlation that simple reaction time with the WAIS IQ.
Furthermore, Jen;on and Munro (1979) found that motor speed showed as
strong a relation as complex reaction time to g, an unexpected finding, but
one that might relate to the strong relation between tapping and IQ in the
present results. A comparison with other mental tests is in order (e.g.,
Armed Services Vocational Aptitude Battery (ASVAB). The extreme length of
the ASVAB may be thought to improve the stability of its factors, but
actually the second session of the ASVA3 may be no more stable than Session
2 of the computer tests we reported, the latter taking 15 min (cf.,
McCotick, Dunlap, Kennedy & Jones, 1985). The Wechsler Adult intelligence
Scale (WAIS) takes 1-2 hrs. to administer and purports to sample two
factors; these may or may not overlap with the four of the computer battery
we report. in future studies in this program we will attempt to anchor our
tests against these other better-known tests. For example, if only Ihe
computer tests are considered it may be possible to sample two motor and
three cognitive factors, each within 6 min. and with reliabilities greater
than r - .70% for a 3-min. base.

Based on the data reported above, we believe that the following four
points are arguable and we would like to offer the following hypotheticial
situations for speculation. (1) A Job Sample representing real-world work
is likely to take > 100 hours to reach stability, and if a single
(composite) score (e.g., correct detection) based on 60 min. of testing
would be used to characterize performance, it is unlikely that such a score
would have retest reliability greater than r = .60, and it might be lower.
Tf many scores are broken out (e.g., hits, RMS error, miss distance), the
individual reliabilities are likely to be lower than r .30.
Alternatively, the microprocessor that 1 have used would probably take < 1
hour (probably 30 min.) to reach stability on the test(s), and this total
score is likely to have retest reliability (r > .90) for 12 min. of
testing, as are each of the subtest scores. (2) High reliability does not
assure sensitivity, but lack of reliability assures insensitivity. Most
tests advocdted for use in unusual environments or with toxic substances
have neither been checked for reliability nor stability. (3) Our
microprocessor baf;ed battery total score correlaLes well jith global
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measures of intelligence. The single best predictor of job performance in

all military jobs is d global measure of intelligence. Our battery

probably shares considerable variance with military jobs and job

performance. (4) After stability of performance on a Job Sample and

stability of our battery's performance, if both are corrected for
attenuation, a large proportion of the one hour test (perhaps 80%) would be

shared with the 12 min. test, although the former may take 250 times as

long to stabilize.
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Background

Tne growing concern for our national security and twe concomitant expansion in the size of the Navy point to an
increasing need for effectve military leadership as expressed by the Secretary of the Navy. While leadership i1 general is
one of the most thoro,:rhl% analyzeo concepts to be found in the research literature, military leadership has had
considerably less systenatc attention. Military leadership, specifically leadership training for newly commissoned Na-.[
of icers, is the focus of this paper.

%avy personnel nave generally 6teAed thenselses first and forenost as leaders. They see the need for strong
leaders--those who have the initiative, courage, and knowledge to think and act in situations where military objectives
may not be easily recogn'zed--as :nre critical than ever oefore.

Tnere .s concer:m. however, that mdn% of tme events during the past several decades have eroded traditional leadersh:p
values. The result has been an overemphasis on management-based, theoretcai frameworks designed by social scientists
who do not really appreciate leaderstup in a military context. Articles on this topic, written by the uniformed militar
are common. Sarkesiar (1985), for example, traces the evolJtion of the corporate management model back to the
Mc\amara years, whi-n focused on cost-effectiveness and econometrics and shifted the focus of leadership in battle to
the pursuit of management goals. He feels that the negative impact of this shift was felt in Vietnam. Byron (1985),
believes that in peacetime the leadership demanded in combat situations is forgotten and instead, good managers are
rewarded. To summnarize, many feel that the %a%' is losing its military leadership capability, which will in turn affect
battle reaciness.

An obvious paradox exists in the %ay commun, ty in light of all the concerns voiced when it comes to what should be
done to develop these ideal leaders. Prior to the inception of this research effort, the authors conducted numerous
vterse., with senior Navy offirers and a comnmon theme emerged. Leadership training is conducted when everything
else is finished--it is the last priority--ano manN, given their way, would throw it out altogether.

In part, this attitude toward leadersnio training ste'ns from priorities. To teach leadership, something else must go.
But this attitude seerrs to stet .iso from a lack of agreement as to what military leadership really is, and how (or even
if). it shou!c be trained. Tnis definitiona! problem can be re nedied if leadership is viewed as consisting of three
dimensions--managenent, interpersonal skills, and %arriorism. While warriorism may or may not be trainable, the
mnalortt opinion of leaders represented in a recently publisned boLk about military leadership (T; ylor & Rosenbach, 198.)
is that leadership skills (i.e., managerial and interpersonal skills) can be learned. This study add esses issues relevant to
"teaching" these leadership skills to newll comissioned naval officers.

Current Leadership Training in the Navy

The .%a%. currentls provides so ne training for new officers to help them assurne their leadership role. Each of the
comnissioning sources has a leadership curriculum for naval officers as part of their education and preparation. The
specialty schools (e.g.. Surface 'A arfare Officers School (SJ, OS)) continue the leadership training process.

Until recentlI, the leadership training progra"n at SW.OS was a 2-week course designed as part of the Leadership
Management and Education Training (LMET) progra r, implemented Navy-wide in 1978 in an attempt to standardize the
Navy's leadership training. Since 1978 man of the LMET courses have been dropped or shortened. The reasons for th:s
are varied, but reflect to some extent the attitude mentioned earlier that leadership training is low priority training. It
also reflects a desire to shorten the overall training pipeline and to get officers into the fleet sooner.

Purpos

If officer trining is to be accomplishec itti nost efficient manner, it is imperative that the training provided be
relevant, effertive and not redundant. This stud\ set out to address two primary questions. Does training make
difference' That is, are students ieirning an) thing the feel Xl Ibe relevant to their leadership positions' If so, what are
they ledrning and %here, ard ca-i leadersnip training be provided more efficiently'

METHOD

Sa npic

The %a'npl- for ths s ' c} (,o!sjCt%. o' So! I ,! , ,_o, ,niu s )ned )u,) i n fv,:er at Si,)S. Four hundred and e g
three students Aere qlestlo'ied o' thei' !.vt d,,, of S\4, ahut leddership training and preparation at tnei-
(.o rmiss;.)nmig soure. \ict.-eg.t add.t, ),.a! s idet, were qkje t. ),ied before and af ter participating in LMIT. Tabl,
presents a des riptior ,! tne smple.
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Table I

Description of SWOS Sample

Pre/Post
First Day LMET
of SOS Sample
(N =48 3) (N =98)

Commissioning Source
USN A 196 3
OCS 37 68
N ROTC 250 21

Academnic Mayor
Science/ECngineering 300 'd1
Humanities/IOther 183 59

Average Age 23 2

,l choos:ng surface as I1st choice coinmuni tN 64. 55

%intending to snake Navy a career
Yes 25 Is
No 1~ 20
Unsure 65 62

Questionnaires

Four vers~ons of a questioniaire %%ere designed to assess leadership training, leadership preparedness, and self-rated
leadership abilities, and to collect a number of biographic and demographic characteristics of the students (e.g., academic
major, age, sex, cornmission~ng source). Among the four versions the following topics were also measured: managerial
style, achieving style as measured by the Manifest Neec- Questionnaire, and action vs. state orientation. These topics
will not be addressed in this paper.

Questionnaires were administered in classroom settings by SWOS instructors. Administrators were given a set of
instructions to read to the students before filling out questionnaires. Students were assured that all informnation Nks
confidential.

RESULTS

Does Leadership Training Really Make a IDif ference"'

An important question in this study had to do with the merit of leadership training--does it really make a dif ference'
Results indicated that leadership training is important to preparedness. A number of ocfferent analyses formed the basis
of tnis concluision. First. the telationship between neA students! reports of their training and preparedness w'erv
correlated. As expected, the correlations between these tw'o indicators were quite hig-i (0 to .7). At least in thc
students' 'nind5 tney see tneir training as related to thneir levels o! preparedness.

Second, analyses indicated that students' perceptions of their leadership training and preparation were more relate
to their feelings of preparation to go to %%ar if niecessary than %%ere their self-rated leadership abilities. Preparation to go
to war is not only determined by ability; training has an impact.

Third, a number of open-ended co'ninent-, provided by neA. students indicated that they felt they needed mnort,
leadership training, especially in the interpe-sonal aspects, in order to best assume their role as division officer.

Fourth, 95 students w'ere questioned before and after L MET about t'ieir leadership training and preparedness. Orn tmm(-
basis of paired t-tests, 1'4 of the 21 ite'n)s nedsiring different aspects of leadership preparedness showed significa-i-
improvemnents as a function of LMET. \ian% iv? ns had differences greater than a standard dev~ation. Specifics of thesc.
dif ferences a il: be dcussed in a later se -tion.

'A nat Leaders'.. Training is Prov:ded'

Training at the Com n rs.oning Soirce~

The les l of le~der', p trijwig ne,, a, te rece *e icre' ?)a!()' '.0o~srn soires %kas of particulaw
concern in tli~s stud%. Table 2 prese-)ts a 1: t Af th'? leadershp trainrig and preparation topics assessed and indicates th-
dreas %hert! offirer , fe;*: 'r-c* anc, leas! trcined. :ind '),epa~ed. Hn ge :ia; ffvcer enterirg S\AQ5 felt t~ie %ere trajnvc
"to so, ne extent" (the rndpomt o.i the srale ko.c'i range! fro-7 1, "not a* all," to 5, 'to a .er) la.rge extent") ,n nost
aspects, of leadervip. Tne overall levels of per .eived preparation %%ere .,) neA-nat niger ("i 3.6i.
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Table 2

Leadership Training and Preparation Topics MAeasured and
Extre ne Averages Biy Commissioning Source

New SWOS Studentla Greatest
U SN A OCS NROTC Improvement

Tre re T-ng Prep TgPrep after LMET
(N: 196) (N:37) (N 230) (N 99)

a. Making the transition from the
Naval Academy, OCS or NROTC
to the operational Navy

b. Taking responsibility for a
division of enlisted personnel

c. Understanding Navy procedures
and protocol 3.5

d. Relieving the division officer in
your first division of ficer
assignment 2.8 2.9 2.7 3.0 X

e. Knowing ho%% to inotivate
enlisted personnel X

f. Performing the paperwork
requirements as a division
of ficer (P MS, PQS, etc.) 2.5 2.7 2.5 3.0 2.6 2.8

g. Managing your timne and setting
priorities %%hen you have a heav)
workload 4.4 4.3 3.6 3.9 3.6 3.9

h. Talkin, to a large group of
people who work for yoj

i. Briefing your superior, or the CO
about an issue in your dijision x

j. Counseling subordinates about
personal matters 2.4

k. Counseling poor perforiners 2.4 3.3 X

1. Handling alcohol and drug abuse
problems amnong your
subordinates 3.3

m. Resolving conl lints amnong your
crew ne-nbers 2.7

n. Listening effectively 3.9 3.9

o. Managing stress i.e., lack of
sleep, disappointing your boss,
overwork, conflict-;) 4.1 4.2 3.4

p. Communicating witmi people
effectively 3.9 3.9

q. De-nonst-ating concern fort your
subordinates

r. Setting goals 4.1 4.2 3.7

s. Planning work 1. 4.1 3.5

division 2. 3.1x

u. Rev~jrding and disiplinin, your 1

aOnly areas with higiest and lo % ".1 dverdg.' al:..~ trailing or prepar..tion are presented in this table.
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The levels of training differed across commissioning sources in It of 21 areas. For the most part, Naval Academy
(USNA) graduates felt better trhined than those from Naval Reserve Officer Training Corps (NROTC) or Officer
Candidate School (OCS), and OCS graduates generally felt least trained. A noteworthy exception to this was training in
how to interact with chiefs in the division. In this area, NROTC graduates felt best trained and Naval Academy graduates
felt they had received little training.

The aspects of leadership in which new SXOS students, across commissioning sources, felt they had received the most
training and were most prepared were "managing time" and "setting priorities with a heavy workload." Naval Academy
graduates, in addition, felt well trained and prepared in terms of managing stress, setting goals and planning work.
Graduates of OCS and NROTC, however, felt more prepared in areas of listening effectively and communicating
effectively with people than they did in setting goals and planning work.

Areas where new SWOS students felt least prepared were "relieving the division officer" and "performing paperwork
requirements." Those from OCS also reported little training in terms of "counseling subordinates," altho'gh they felt
prepared to some extent to do this.

Although not reflected in Table 2, when examining the levels of training and preparation on the more interpersona
aspects of leadership (e.g., knowing how to motivate subordinates, briefing superiors, counseling subordinates), the levels
of training were rather low, and the levels of preparation were moderate. This was especially true for graduates of
NROTC and OCS.

It appears that in general, students leaving the commissioning sources feel better prepared in terms of managerial

type skdils (goal-setting and planning) than in the interpersonal aspects of leadership (counseling and disciplining).

L'AET Training at SWOS

The results of LMET training improve this state of affairs to some extent (see Table 2). Leadership areas which
showed the greatest lanprovements as a result of LMET were "motivating enlisted personnel," "talking comfortably before
a large group," "counseling poor performers," "interacting with chiefs in your division," "rewarding and disciplining
subordinates," and "relieving the division officer."

Also of interest were two items in which perceptions of the levels of training decreased from time I to time 2. These
areas were "understanding Navy procedures and protocol" and "performing the paperwork requirements as a division
officer." It seems likely that LMET served as a realistic preview and made officers aware of the large amount they didn't
know in these areas.

Self-Ratings of Leadership Ability

While the majority of students' perceptions of their leadership training differed significantly across commissioning
sources, self-ratings of leadership abiity in eleven areas did not differ.

The area in which all students felt most capable was in "doing whatever it takes to get the job done." Aspects of
leadership in which students felt least capable were "speaking comfortably in front of a group," and "motivating
subordinates to do jobs they don't want to do." In general, officers feel more able to perform managerial duties than to
handle the "nore interpersonal aspects of their leadership role.

The leadership ability ratings of Academy graduates were somewhat surprising. While Academy graduates felt better
trained and better prepared than graduates of the other two commissioning sources, they did not rate their leadership
abilities any higher. This see ns to dispel, to some extent, the stereotype that Academy graduates have trouble adjusting
in their first tour as division officers due to an over-confidence. It also suggests that abilities are not the only factor
relevant to how well prepared -fficers feel they are. Training does play a role.

Additional Findings of Interest

Who or What Influenced Leadership Skills?

New SWOS students were asked the extent to which classroom instruction, examples of military leaders, experience
leading others, as well as things they learned before they entered USNA, OCS or NROTC influenced the leadership skdils
they had acquired. Academy and NROTC graduates felt examples of military leaders and experience leading people were
most influential. OCS graduates felt they had been mnost influenced by things they learned before attending OCS. OCS
graduates also tended to feel their levels of training had been low in comparison to their levels of preparastion. This
supports the conclusion thdt OCS graduates feel their leadership skills are less a function of their officer training than do
those who go through NROTC or the Naval Academy. (This is not surprising when the length of these officer training
programs is considered (i.e., four nonths for OCS as opposed to four years for USNA and NROTC).) All three groups felt
classroo'n nstriction was least influential, though they still reported it influenced then "to sone extent."

Assuming )f ferent Leadership Roles

Functaonjng effectively as a naval officer encompasses a number of different leadership roles. The officer mnus:
function as a leader of others, a technician, a professional, and, at ta-nes, a warrior. SWDS students were asked how well
prepared they felt to assJ.ne each of these roles (see Table 3). Students fron all commissioning sources, at S','OS for the
first day, felt .nost prepared to assume the role of professional, and least well prepared to assume the role of technician.
i'ne might expect that 14 %eeks of intense SAO,' training would inprove officers' confidence in their preparation to
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assume the role of technician, but the sample of students questioned on their last day of SWOS also felt least prepared to
assume the role of technician when compared to the other three roles. This may be because officers are trained to
manag technicians rather than to develop technical expertise. Alternatively, their training may serve to make them
aware of how much there is to know.

The overall levels of preparedness to go to war it necessary were fairly high (1 = 3.6). All1 21 aspects of leadership
training were significantly related to preparation to go to war. The training variables most highly correlated with
preparation to go to war were in areas of motivating enlisted personnel, handling alcohol and drug ibuse problems,
resolving conflicts and planning work. These correlations were all approximately .26.

Table 3

Average Levels of Preparation to Assume Diverse Leadership Roles
Before and After SWO Training by Commissioning Source

New SWOS Students SWOS Graduates
USNA OCS NROTC Overall USNA OCS NROTC Overall

Leadership Role (N = 196) (N = 37) (N = 249) (N = 482) (N = 5) (N = 86) (N = 34) (N z 125)

Technician 3.4 3.2 3.1 3.2 4.4 2.9 3.0 3.0

Professional 4.3 3.9 3.9 4.0 4.2 3.6 3.9 3.7

Leader 3.9 3.4 3.7 3.8 3.8 3.5 3.7 3.5

Prepared to go
to war 3.8 3.8 3.5 3.6 4.0 3.6 3.6 3.6

Academic Major and Leadership Preparedness

The Secretary of the Navy, John Lehman, and others have suggested that a strict science and engineering curriculum
may be too academically narrow to provide new officers with the well-rounded education they need to be good leaders.
To address this question, correlations were computed between academic major (science and engineering vs. other) and
students' perceptions of their leadership training, preparation and ability. (These correlations were partial correlations
controlling for commissioning source.) No significant relationships were found between academic major and training,
preparation or ability. Since the measures of leadership are all self-report, they must be treated with some caution, but
nonetheless, no relationships e-nerged.

DISCUSSION

It was encouraging to discover that students felt their training influenced their levels of preparation to become
leaders, and that they believed classroom instriction was useful. It was also interesting that academic major had no
relationship to students' perceptions of their leadership preparation or leadership abilities. The stereotype that science
majors have narrow academic experiences and, therefore, tend to be less sensitive to interpersonal concerns was not
supported.

Of particular interest were the training issues addressed. It appears that each of the commissioning sources are
preparing new officers to some exterit to assume their leadership responsibilities. The bulk of this training seems to
inpart managerial skills rather than the more interpersonal leadership skills. LMET at SWOS furthers this leadership
preraration with a positive impact on the interpersonal dimensions. If the Navy's goal is to provide the most efficient
training pipeline, it appears that the commissioning sources would do well to concentrate formal leadership training in the
managerial slls, leaving the interpersonal skdls to L MET. This would be an improvement over providing mini-hal training
in all areas at both schools. It also see'ns that an interpersonal perspective in managerial training would be worthwhile
(e.g., planning work and setting goals for subordinates). Further, while the length and method of the training experiences
differ at the various co nmssiormng sources, they would do well to agree on a standard set of leadership issues to be
addressed in leadership training and do then as well as possible in the time frame provided.

While the findings fro-n this study are based on self-report they are suggestive of issues worthy of future pursuit.
This work will be followed up with input from SWOS instructors as to students' leadership abilities, an evaluation of the
shortened LMET curriculum and optinally, a one-year follow up of individual performance in the fleet.
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Leadership Development
of USAF Aircraft Maintenance Officers

Captain Michael A. Morabito
437th Organizational Maintenance Squadron, Charleston AFB, SC

Captain Benjamin L. Dilla
Air Force Institute of Technology, Wright-Patterson AFB, OH

A sample of 320 Air Force aircraft maintenance officers (AMOs) were
surveyed using the updated version of Yukl's Managerial Behavior Survey (MBS),
to measure leader behavior of the AMO's superior officer, and other scales
focusing on the AMO's perception of his/her own leadership development.
Specific developoaent methods used by AMOs and the perceived importance of each
were explored. Furthermore, suggestions were collected on ways to improve
development methods available to them in the Air Force. The leadership
development activities were correlated with the superior's leader behavior and
with demographic and organizational variables. The personal factors of age
and rank were found to be associated with leadership development.
Participation in 8 of 19 leadership activities correlated significantly with
the degree of importance placed on the activities. Analysis of the MBS
results indicated certain categories of the superior's leader behavior were
significantly associated with the perceived 'eadership development of the AMO.

Introduction

Leadership is a constant concern in the military environment, yet very
little is known about how leaders are developed. The overall objective of
this research was to identify methods of leadership development used by Air
Force officers, specifically junior aircraft maintenance officers (AMOs), with
special interest in the impact of the immediate superior's leader behavior on
the junior officer's development.

For the purposes of this research, leadership is defined as a dynamic,
goal-directed process of influence between leader and follower, including the
interaction of each with the situation (Yukl, 1981). Leadership development
is broadly defined as any method or activity used by individuals to enhance
their personal ability to influence subordinates toward goal accomplishment.

Leadership Theory and Research

The subject of leadership has been addressed by many scholars from
ancient times to the present. One of the major approaches which has been key
in understanding the concept is the leader behavior approach. Research at
Ohio State University resulted in identification of the classic dimensions of
consideration and initiation of structure (Halpin and Winer, 1957), while
efforts by the University of Michigan Survey Research Center produced the
distinction of job-centered and employec-centered leadership (Likert, 1961)
and, later, the four categories of support, interaction facilitation, goal
emphasis, and work facilitation (Bowers & Seashore, 1966). These categori-
zations, although important in developing an understanding of leadership and
still used today in the context of some of the situational theories, are not
without their problems.
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One of t'le key issues has been the recognition that ". . these broadly
defined categories provide too general and simplistic a picture of leadership.
They fail to capture the great diversity of behavior required by most kinds of
managers and administrators" (Yukl, 1981, p. 120). This realization led Yukl
ind his colleagues to develop a more comprehensive categorization, which
currently includes 13 dimensions. According to Yukl, "The advantage of the
new taxonomy is that it has a larger number of more specific behavior
categories than earlier ones, and it includes most behaviors found to be
important in leadership research" (Yukl, 1981, p. 128). Because of these
advantages, Yukl's Managerial Behavior Survey (MBS) was selected for the
description of superior officers' leader behavior in this research.

Mii_urY Jadership _Deve lopne nt

St.dies of the process of leadership development in the military services
nan focoed primarily on professional mil itary education (PME) or other formal
progra rs. The Air Force has essentially come full circle in their philosophy
if educating leaders in the past 12-15 years. Reports in the 1970s expressed
concern by senior officers on the need for development of technical and
management skills (Dobias, 1974; Robinson, 1974) and suggested better pre.-
commissioning training and even on-the-job training. Then came concern in the
late 1970s, still present today, that the Air Force had gone too far in the
technical training of young officers, making them more occupational than truly
professional (Gosnell, 1980). Another recent Air Force study of particular

interest emphasized the important role played by commanders in serving as
leadership models for their subordinates (Benton, 1931). This important
concept of wnentoring has been .ch neglected and even resisted by the Air
Force with its emphasis on formal programs of education and training.

Research within the U.S. Army reinforces this emphasis on the supervisor-
subordinate relationship. In analyzing problems in junior officer
devolopment, Wellins and others (1980) noted that a key issue was that "the
senior officer may not take timo to supervise, guide, and correct the
performance of the new lieutenant" (p. 5). Another important study conducted
within the Army concluded that the most successful leader training results
from experiential procenes ("learning by doing") rather than analytical or
procedural processes (hriver et al., 1980).

Perhaps the most revealing obsevation from a review of the literature on
leadership theory and leadership development is that there has been little if
any research to identify methods which present or prospective leaders actually
use fir leadership development. To identify these, methods and their relative
ibsf iln.:,s for a specific group of leaders 4as the focus of this research.

Methodology

S an) e

The original population of interest was all U.S. Air Force aircraft
ri'n itenuince officers serving in the grade of lieutenant or captain. For

practical considerations, this 4as narrowed to those serving in the
couninental Uni ted States (CONUS) in the three largest major commands--
Military Airlift Comnand (MAC), Strategic 4ir Comimarid (SAC), and Tactical Air
Conmand (TAC). Generalization of the findings of this research should be
limlt d to these specific population paramt. rs. According to official
sources, the population size was 730 officers. Air Force officials aothorized
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surveys for a random sample of 320 individuals to allow for a 95 percent
confidence level.

Procedure

Surveys were mailed to officers at their duty addresses, accompanied by a
cover letter signed by the Dean of the School of Systems and Logistics, Air
Force Institute of Technology (AFIT/LS). Participation was voluntary, and
respondents were assured of anonymity. Respondents were asked to complete and
return an optical scanning sheet for the standard survey items. Space for
comments and suggestions was provided at several points in the questionnaire
booklet. Respondents were instructed to return all materials in a postage-
paid return envelope.

Measures

The MBS, provided by Dr. Gary A. Yukl of the Business School, State
University of New York at Albany, was used to assess subordinate perceptions
of their superior officer's leader behavior. This instrument measures the
frequency of 130 leader behaviors (ten items in each of thirteen categories).

The rest of the survey was composed of items written especially for this
research effort. It included: (a) stdndard demographic information, including
sex, age, source of commission, rank, major command, prior service, and
organization/level (7 items); (b) perceived extent of leadership development
(4 items); (c) immediate superior's leadership effectiveness (1 item);
(d) perceived importance of leadership development activities (18 items); and
(e) extent of involvement in leadership development activities (15 items).
Items on PME completed by different methods were grouped together in section
e, producing a smaller number of items than in section d.

Results

Respondent Profile

From the random sample of 320 officers, 185 usable surveys were returned,
for a return rate of 57.8%. This was considered reasonably good since the
survey package contained 27 pages and 190 items. The sample was predominantly
male (84%) with the median age category being 30-34 years. Most received their
commission from Officer Training School (58%) vice ROTC (37%) or USAFA (4%).
Consistent with this pattern, the majority had prior enliste'd service (56%).
Almost half (48%) were captains, with about an equal split among the rest
between second lieutenant (26%) and first lieutenant (25%). Half were
assigned to TAC (51%) with the rest divided almost equally between SAC (25%)
and MAC (24%). The largest number were assigned to Organizational Maintenance
or Aircraft Generation Squadrons (37%); almost two thirds (65%) were assigned
to the unit level versus the DCM staff or a higher headquarters.

Leadership Development Activities

Respondents were asked to rate the perceived importance of leadership
development activities on a five-point scale ranging from "not important" (1)
to "extremely important" (5). They were later asked to indicate their
completion of certain activities (e.g., Squadron Officer School) or extent oF
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involvement in other ongoing endeavors (e.g., number of hours per week spent
in personal study of leadership). Results are sunaiarized in Table 1.

Tabit' 1
Le~dtrsh'p Developn n Activities

!i AN
iMPOR , ANK, E INVOLVEMINT

ALTIVITY RA fIN6 Avra t or Percent)

Leadership of NLOs 4.21 o.60 ilmts/Week
Ubstrvwtiori of Superiors 4. 1 4.19 Times/Week
TOY JeployMents 4.15 3.83 Weeks/Year
Leadership of Airmen 4.U8 6.b5 limes/Week
Lea ersnip of Peers 1.91 4.01 Times/Week
ACSC in R,'sidence i.db 0.0% kidve Attended
Other, Lea,lerShip Act.viti,-s t.39 2.23 Hours/Week
ALSC by Sernindr .12 8.b% Have Completed
brdduate Leyree I.), Z9.1% Hive Completed
PIersoial ' ,ddership sLudy ,.90 i.13 Hours/Week
AC$C by Correpondence .. ,l 5.44 Have Completed
"ports Leadership ,'.I 1.L Hours/Week
Uther AF-Rulated Activities .'.13 0.61 HourS/WeeK
Conwrnunity Leadersnip ,. 11 1.02 Hours/Week
trofussiondl Org. Leadership '.68 1.0? hours/Week
Church Le.advrship .66 0.b9 Hours/Week
SOS in Rviden,- . . 34.6% Have Attended
LPDP '.3 It. I% HdVe Completed
SOS by Correspondence "'.29 34.0 Hidve Completed

The most important activities to the AMOs were their working experiences
with NCOs, airmen, superior officers and peers, and on TDY deployments. The
least important in their eyes were the formal programs which are typically
emphasized in official circles. These included the Lieutenants Professional
Development Program (LPDP) and PME, especially by correspondence.

Chi-square tests were employed to determine if any significant
relationships existed between the rated importance of leadership development
activities and the extent of involvement in those activities. Eight of the
nineteen leadership development activities were found to have a statistically
dependent relationship at the .05 level of significance. They were:
leadership of NCOs, TOY deployments, other leadership activities, graduate
degree, personal leadership study, other Air Force related activities,
professional organization leadership, and church leadership. These activities
spanned the spectrum of involvement ratings and level of involvement, so no
pattern was obvious. The findings could be interpreted to say that the
officers perform a given activity because they perceive its importance in
developing their leadership ability or that the activity is rated as being
important simply because the officers are involved in it.

Mana _e rial Behavior Survey Results

Before using the MBS results, internal consistency reliabilities were
computed for each of the thirteen scales; all were .86 or greater. Also,
means and standard deviations of the scale variables (formed by summing the
ten item scores for each scale) were computed to provide a picture of the
average leader behavior of the superior officers. Results are summarized in
Table 2. IF interest in the present context wds the fact that "developing"
b)ehavior qas one of the lowest rdted categories.
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;4ext, a set of correlations Yere computed between the AMO's perceived
leadership development and the reported leader behavior of the superior
officer. The hypothesis qas that some types of leader behavior (e.g.,
developing, consulting and deleg3ting, recognizing and rewarding) would be
positively related to the subordinate's leadership development. In fact, all
of the correlations between the MBS scales and self-rated leadership
development were negative. Nine of the thirteen were statistically
significant at the .05 level; however, the largest neqative correlation was
only -.19 (for "supporting" behavior).

Personal Deterini-nants of Leaoership Devel-opment

Irie final major analysis was accomplished to determine if there were any
relationships betWeen the demographic items and leadership development by the
AMO. A one-way ANOVA was used for each of the categorical variables with
perceived leadership development as the dependent variable. The ANOVA for
rank resulted in significant differences between group means (p<.02), while
there 4as i:. marginally significant difference for prior enlisted service
(p<.09). In both cases, greater experience (as indicated by higher rank and
prior service) was associated with greater leadership development.

Discussion

Our major conclusion is that experience is the best form of leadership
development. The AMOs in this study placed the highest importance on their
,orking relationships with airmen, NCOs, and peers, their observation of
superior officers, and their experiences on TDY deployments. Furthermore,
these were the activities in which they reported the greatest involvement.
These results were also supported by demographic data which indicated greater
perceived leadership development for those having higher rank and those having
prior enlisted service. It would appear that the old adage, "there's no
substitjte for experience", is indeed true when it comes to leadership.

A striking result on the opposite end of the spectrum was the
conpar,tively low ratings given to formal dev,]upment programs such as LPDP
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3r,4 P1ME, esnecial ly for the correspondence versions. These trends w4ere
su po't-,e'J by !-any of the aritten tco.aieits winich emphasized the need for
C xp r iet 1 3 tra in ing.

Even other v'ritties of leaaership z~perience, e.g. in the cormiunity,
chu--chs and professional organizations, received relatively low ratings
versus those cate gories which were specific to the job. These trends would
se.?n to support the now wefl-accepted situational aspect of leadership.
Experience, to be -nost effective, should be specific to the job environment.

A surprising outcome was the negative correlations observed between the
sup. riuJr's leadership behavior and leadership development of the subordinate.
It was expected that at least some forms of leader behavior would enhance the
AMJ's leadership development. The negative relationship observed could be
expl3ifl:d in it least two ways. They could indicate that if a junior officer
has Jeveloped -a-ll as a leader, then the superior does less leading and allows
the junior offictr to lead. Another possible explanation is that the more the
'AlOs feel tn,2y have developed ds leader, the more critical they are of the
sujperior's le ader behavior.

Thi3 resoearcn focused on rather global issues of leadership development,
specifically in the aircraft inaintenance career 'field. Much has been learned;
however, many questions remain. Future research should further examine the
relative worth of different methods of leadership development; such trends
shouild be examnined in various settings with different groups of leaders. A
crite'lion neasure mnore objective than self-rated leadership development would
be particuLirly iseful in follow-on work.
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Performance of students using AMBTS is being compared to
that of students receiving the traditional instruction.
Additionally. a sample of students will be followed into the
fleet to determine if performance differences persist in the
job environment.

AMBTS in Pier-side and Reserve Training

The second initiative grew out of the technology of the
first, but focuses upon the pierside and reserve community
components of the training continuum. The issues here are
not the effectiveness and efficiency of initial skill
training but rather maintenance of skills, recertification
of !ndividuals returning to sea after protracted shore
assignments, and qualification of teams whose players must
learn to coordinate their individual skills to maximize team
efforts. The fact that the Reserves must accomplish this
training at remote sites exacerbates these problems for
them.

ANBTS is the medium for accomplishing the training; however,
a method for assessing individual performance and
prescribing follow-on or refresher training must be added to
the capability of the basic program. Through this
application of the technology, we hope to learn how to apply
what is known about the retention of learning. This will
help us design acceptability strategies which can be applied
in the fleet and the reserve community where there is a good
deal of skepticism about technology's value as an
:nstructional too].

Training Continuum Strategies

The third initiative is in an entirely different training
arena, but builds upon the training concepts of the second
initiative. In this case, the implementation model focuses
not upon the learning and maintaining of technical skills
but on the educational requirements of the officer accession
continuum. We have selected an instructional continuum that
begins with a Navy school preparing potential NROTC students
for- the college environment, to the NROTC itself, to the
follow-on warfare schools, and, ultimately, to the fleet.

The process for making this continuum operate more
effectively includes: (1) assessing individual
capabilities at each school level against required
developmental and professional skills; (2) intervening at
each point along the way to close deficiency gaps through
the application of computer-based modules and other good
support practices (including peer tutoring); and, (3)
providing follow-on assessment and deficiency prescriptions
to the next schoolhouse which can then continue the
remediation/development p-'ocess.

Through this interaction among those responsible for
training along the continuum, we seek to add a "feedforward"
as well as a feedback process that establishes &n
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accountability for value added at each follow-on school. If
we are successful at packaging these techniques, we will
have in place the basic ingredients of a true training
continuum which should become the basis for all Navy
training in the future. Perhaps we can then, at last,
reduce the impact that manpower and personnel policies have
upon training performance and concentrate upon helping
people learn what they need to know -- without wasting time
on blame.

TT! has other initiatives unde:way. These include the
identification of applications for- smoke generators in
Reserve training, the employment of artificially generated
s~gnals in gram analysis training in Navy settings, and the
development and implementation of a Navy-related functional
skills math and reading curriculum.

The purpose of all these early initiatives is to package
existing technologies and instructional materials into
meaningful instructional delivery systems. These systems
are tailored to the unique instructional environments along
the continuum and enjoy the credibility and acceptability of
schoolhouse instructors and fleet supervisors. As we
continue to improve this packaging process and couple it
with such delivery concepts as requalification, we come
closer to exploiting our ability to intervene in the
capability of people to perform. We can then allocate our
resources on continually assessing, building upon, and
sustaining skill development as the cornerstone for fleet
readiness.

IMPLEMENTATION LESSONS

During planning, initiating, and executing several
implementation projects, TTI encountered recurring issues
and problems. By examining and trying to solve them, we
uncovered lessons that should be heeded during systematic
implementation. These lessons are consistently found and
persistent enough that even the obvious ones should be
discussed and all should be incorporated into over-all
implementation models. Attending to them leads to nothing
more than good implementation practices.

I. The difficulty of implementing technology is
continually underestimated.

This is a self-evident truth, but one that is generally
ignored. Researchers and operators in both the military and
civilian communities continually underestimate the
difficulty of implementing technology. Researchers and
operators have different goals and interests; therefore,
just recognizing that the process is not likely to solve the
problem.

Perhaps this is why we are seeing a new breed of
professional; and the lesson is we must encourage the
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development of these people -- people who can stand,
however shakily, with one foot in the the research
laboratory and the other in the operational environment.
These specialists, employing these emerging implementation
skills, can bring the transitioning process to a level of
sophistication which will build a climate of operator
acceptance and ownership. Maintaining this climate
throughout dissemination, will best contribute to the
sustainability of new training technology and techniques in
the classroom.

2. The capability of technology to improve training
should not be exaggerated.

This second lesson highlights a principle which has long
beer. discussed with regard to innovation but is often
overlooked in practice. The training equipment that can be
uncovered in military salvage depots is testimony to our
willingness to embrace new technologies as panaceas and our
subsequent disillusionment with them.

Similarly, in our zeal to adhere to the letter of our
instructional systems design law we have too often confused
famliarity with mastery. We have also overlooked the
:mpact of forgetting on initial performance in an
operational setting. It is now apparent that exaggerated
claims of improved performance, often accompanied by poorly
utilized computer technology, helped to undermine the
credibility of those endeavors with operators who knew
better. This frequently resulted in animosity toward the ISD
process and the techniques and technologies it promoted.

At the beginning of every implementation endeavor we are
well advised to realistically formulate promises and use
technology in supporting roles and as tools where
appropriate. Our initiatives at TTI incorporate this
adv ice.

3. Goals determining hardware and software uses must
be carefully defined.

It is important to have goals that determine hardware and
software uses. What we are learning, however, is that we
must use great care not to structure our goals too narrowly
around near term cost and training benefits as we perceive
them which may, in turn, restrict our our ultimate
flexibility.

As we get better at recognizing technology linkages, there
will be numerous opportunities to build one system upon
another. In this way we can expand the applications for
individual team and crew training uses as well as leapfrog
those applicatons from the schoolhouse to shipboard
env:ronments. However, it will be difficult to fully
exploit these possibilities if we have been overly
restrictive in our early-on goal setting and front-end
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analysis processes. We must improve our abilities to
perform trade-off analysis and take risks.

4. Technical skills must be acquired in order to
implement technologies successfuliy.

Trainers and implementers may have an edge over others when
it comes to analyzing the capabilities of technologies to
improve training, but spec:fic hardware decisions are often
out of our realm of expertise. We need people who know
about hardware configurations -- people who can provide
guidance in ordering equipment and helping us with hook-up,
operating, and maintenance problems.

The role of these people incluJes the development of quality
controls in the acquisition, use, and maintenance of
hardware and materials, and monitoring vendor performance.
There !s no reason to tolerate the shoddy performance that
many of us have experienced in training systems technology.
We shouid use these people to develop stringent, enforceable
quality controls across the board.

POLICY ISSUES

Our" early attempts to move technology from research to
implementation brought two policy issues into bold relief.
If our initiatives are to be optimally successful we must
deal with both the issue of a funding continuum to accompany
the R&D continuum and with procurement issues.

Funding Continuum Issue

As an R&D product moves from exploratory research to
engineering development, to prototype demonstration, to
p:]ot testing, and, finally, to full-scale implementation, a
systematic funding continuum to assure this orderly progress
;: eLser.tia! but currently lacking. To establish this
funding continuum we must begin by identifying clearly
slated. broadly b:ased umbrella-type research categories
under wh:ch s.pecifc projects can be grouped. These
,-ategor les should be derived primarily from senior officers
reslon£ible for training who should review the categories
perlodically :r order to renew their commitment or change
themt as a result of changing mil:tary priorities.

£pen tic R&D piojects will fall under these umbrella
categories where they will be r-rior'itized and appear as a
tot,1!!y funded package through the 6.4 funding level. This,
p rLion of the contiinuum must then be coupled with follow-on
operat i ng (t, lars, :nitially in' the form of wedges. As the
budget year comes closer, these weoges will give way to the
more specific d~ssemination and life cycle requirements
erierg ng from the 6.4 accompl i shmen ts .
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Withzaut this kind of funding continuity we wil never- fully
=ea!::e the potential that research-based instructional

:c!,r,:cue and technologies hold for improved performance.

Procurement Issues

..ftware and hardware procurement and maintenance issues can
no longer tolerate policy neutrality. In the early stages
uf ':aristioning R&D from the laboratory to the classroom,
t:atrers must be formally involved in the procurement
process. There are too many training issues involved in
pur.ch.-s;ng decisions (and many quaiity control initiatives)
tc, leave technology skilled trainers out of the process.

Fur ther, we must weigh the advantages and disadvantages of
the centralized/decentralized issue in upgrading and
ma;rta,::!ng software and courseware. To date, each
.:' ementation project has found its own, not always
sdtisfactury, solution to this problem. We must consolidate
the knowledge gained by these projects and prepare
-tandardized, supportable policy on this issue.

Finally, policy matters associated with life cycle costing
g:eatly concerns those responsible for training in the
-. assroom and at pierside. How these policies evolve is
closely tied to the credibility and acceptability technology
a;.o!:cations will enjoy among our military colleagues.

CONCLUS ION

We in Navy training have embarked upon implementation in a
fo:rma. way. We believe this to be good, sensible, and even
w'se. However-, we suspect that our initiatives, our
experience, and our policy concerns differ little from
others'

The task before us, then, is to learn how to learn from each
other; to share what we know; and to build on each other's
experiences. How well we do these things will determine how
well we fulfill our goals in the struggle to be more
effective in a world of scarce resources where so much
depends on human performance.

i
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Research Need, Assessment and Technology Transfer in USAREUR

Karol Girdler and LTC Ford UcLain
L.S. Army Research Institute

In October 1964. tire Army Research Institute (ARI) Field Unit in tile
L .S. %rm'y EXiupe (USAREUR) ended its programmatic research activities, and
it was redesignated a. a Scienifitic Coordtnat lon Otlice (SCO). The primary
inisiu. ot the urgailizatLion became research needt assessment and technology
tCd Lu er . Technology means sctentitic knowledge tn the form ot hardware,
proce.ses, methods or idea.,. Here, technology transfer refers to the
applicat ion 01 technology produced by ARI rebearchers tor a new user and in
some caseb, putting old results to new use. Since one-third ot the U.S.
%rm, is btat toned in Europe and numerous ARI technologies are developed for
use by the active Army in the rield, it ts essential that products be
Lrazrerreo aud needs be considered within tils setting. While identifying
researcl netd. and promoting technology transfer, we have identified gaps in
what should be a comprehenbive research anid development (R&D) management
process. Tihe purpose of this paper is to clarity the need for an R&D
oanagement ,pproach which is accountable for research including needs
assessment anu product utilization with feedback from tile user.

Highlighted here are our conclusious developed as we searched for a
model against which we could test our experiences i, ne" is assessment and
with w'hich to guide and judge our effectiveness in diss,.ainating knowledge
and tacilttating implementation ot research products in an operational
sertng. In searchiag for a model, we were, in part, seeking to define the
role of and the support system needed for those who carry out these
tuunction. in tLhe mili.tary setting.

ltDis,emlimuat ion Ut research results, utilization aad the relationship to
oeeds assessment are not new ideas. A great deal has been written on ways
to dibseminate Knowledge ana get it used, aud about the critical variables,
barriers and gateways to be encountered. Glaser (1963) compiled an
extenbive re'iew ot research on tihe topics and reviewed several models. The
bibliography alone is 162 pages. Tile demand for better needs assessment
aalysis and produtt utilization In the military, in particular, have been
addresse, by military psy hologists such as Freda (1980) and Shields (1977).
For example, Shield. tound that some technology i. under-utilized or totally
rejected by tile n.atended users because the need tor tile product did not
exist, the product was flawed trom a user standpoint, or the researcher or
developer did not attend to the complete process ot R&D management.

Wiat is new heie are our discoveries ot what is possible now, and what
I ullier supporL is reqtuired as we purtorm these functions in an operational
environment. AlIso unique is that we may be the only unit in the R&D
SOmt iLty w i LI t lie -,e tunec t Ions as tie ma in iiis ion ot tie organ ization.

Thi s paper is an uno, tic ta I docume ii in 0ite tided tor lima.Led distrtbut ion to
obta iin comments. The views, opinions, and/or l indings contained in thils
doc umteil are those ol tie althors and should not be construed as tile

ott ictal position ot ART or as an otfticial Department or the Army posit on,
pol iCy , or dec s ion.
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We have speculated and forayed into our environment with a number of
simultaneous actions in accomplishing our mission. We have had successes,
and a- all times we have come back to the central question of how our

activities do rit or should fit into a =ystem of R&D management and a model
ot knowledge utilization. Our aim is to co more thau "muddle through" with

occasional immediate successes; it is to influence the further

institutional'iaLtion or our activities and provide wider support for such
action throughout the military and the R&D community. Within the military,
centralized management ot R&D may be too big to handie; but, a change in the

sequencing of and habitual relationships within the R&D community and

between R&D people anti users still needs to be considered.

Otte way to provide instLit utonalization ot R&D management tor this
purpose is on a case-by-case bais. that is, a case management system for
Iesearch products. It such longitudinal management existed in a clearer,
more concise form, to include greater livolvement with the users, we would
be in a better pobittoll than we are now. However, our experience suggests

to us that product case management may not be the most effective procedure.
Such a potentially regulation-based system could solidify horizontal
communication in organizations or result in paperwork drills. In addition,

the concentration in a product-based system could limit the perception and

creativity ot those responsible. Tile longitudinal mindset of such a system
could lead managerb to bee R&D management as a process where each product
has a detinite start and end unconnected to other products aad issues.
Rather than a product case management process, the ultimate support systel
tor scientists engaged in these activities would recognize research neels

assessment and technology transter as two sides of one coin, the activities

occurring in a cycle and occurring simultaneously for many products. The

common element to be mauged in thils setting of multiple activities could be

not products, but concepts in relationship to central issues.

We are interested in insititUtional support for the scientist operating

in the role we are defining - one who deals simultaneously with a number ot

User needs and research products and seeks to bring products to the intended
user, as well as others who could benefit trom the knowledge. At the same

tLme, intormatlon is transmitted about new users and new needs to those
sceiti.hts producing technology. These needs might be amswered with new

re,.earch oi existing prodnct , which can be implemented. This in turn may
suggeA tLiew needs relevant to the prounct implemented, as well as to other
rcsearch, so that the full cycle has occuired. The cycle is not performed
for one product and one need. The scientist may have several needs or sets
o1 need., ia mind tor various organizations, or several possible products and
be at various stages ot the cycle in ditterint settings. R&D management
procesbse could create d support base Lot, pertorming these activities. The

research process which receives the mo.t upport, ond management now is the
normal sc ient. 11 ic method or process ot problem review, hypotheses
generation, etc. The rote being described here ot making broader linkages
and contnections tam.es us to areas which are previous to problem review and
which tollow research project completion, and even follow product
ut I i/-at ion.

[le 'o1nt u ing tuei ons ale: [low do we organize support for the
scientist itn this role? Who in etlect is a research manager? flow do we
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I
1rganitze thie,e I I L u to c1) 1 Lt i texIb le ana,. d.,,)id b tre atncracy whiich

CliUld bt It le C01hiOilitiiitiuri nleeded to ident it, iioi Use-, ror technology? The
r10 1 b th11,t (t a1 galtekeepe r 01 0t ibied ch4 na 1 no~ t orrldlt Ionl

e. l Lnge , 3 11, ot ac ga tewa y k. t L 40 iln .c r ta11. ut-Ca pOintL sWhere
!;atLe b call be Lrecited bet wecen Lhte huge sys'.ems ot thie military and the R&D

k-OM~fll.1t. Where are the utti-eritaceb betweeni thl two) systems mnost permeable

Und t CIc Itar id Cos 101 S L I Kely j to it; i. t or t.Lou to, be passed and used? In
thisl, C kt iniurnat IOn, LL mi gl.- requtr11e 0 1,' a ,ew people to manage these
A',Pckb U1 uLthe R&D) i'l-ueaz gi,'en access to the right tools and tile proper
vant age point or perspectivye. Tile individual inI this rol.e needs access to
111Latir R&D LOWLInun3ityt asoibtL to managing rtesearch 11n this sense. 'h
JiLzi. base or iniormat ton network, Lu stipport t sucii worK necils to i Llclude not
0 iil. tcchLiic a into radL.ion about Cii r rent. product L-, ando their development , but

at or;.it i )w abolit issues IIILI Lreaas.1 Ot prriar-y iLIportaca e to tile military

ia i orini ion aboutL lew conlceptS ot techno lo0g)'.

A ieW exaiL;ipLeb iia hel p sho0w tte ir where we see opporlunit ies to
0igll~t bsnCkebork-l eXC11anges o0. intorinat 1011, to tacilitate thie process, and

,1j,ge,,L iaLiaagteiL aeeded toi a support babe. Keep in mind that exchange
.!Ceils ii-,t)rnat ion passed both ways. [Pi etteCt , the sciencist involved in
this aspect ot research has t' o ma jor groaps of "clients:'* The R&D
Cuiniflx1jt anld the mi litary liser.

[hetre are a number or. ways niew rezsear(-h ne-ls are identified. As noted
di~,Iced identirica,:ion izs often performed simultaneously with

li plecltat LIionI or intorimat ron di ssei -,at to,.i . Al our ol .Lice in part icular,
onle Lomi this ailt iple operat ion takes 1S What we call Technical Advisory
iervice (TAS). In thIis tunczion, Military users make requests for our

i-si~a~bebed onl t eir Perceived operat ional needs, anld their knowledge
wi our expertirse Which We hadve :aade knloWn ii Ole community.

0111 1LI'-t e 11,dple COJCrhS IA,, beinrg earm ried Out 3L the Warrior

Pro p4 r11AL Ionl Center (,4PC) Thle 14PC is a joint. ope rat ion by USAREUR arnd the
1;Liiteii Stale., Air Force inI Europe (USAFL) to support command and battle

sti raining. file cente, provides training for thle operational level of
1017 [r rcortsti Olough Army Groups, in joi&1t exerc ises withi tile Allied

FALw tea Air 1 rcu ( ATAF ) kt 0 roga t LJthd )i-iginai ly a pproached WPC
to pob.bly LU ciess .b at th-, nlew %vete wiiJ, iiighr. be addressed by ARI
rfea f c It. Atteir thle 411C ital t Lb , eciue I ani liar wilth the SCO mission ,

I 1ullk L(Hj,!i5 , iid d1 eas Ut expertI- I SO ,;tl LiQ 'gi O ident. rty operat. ional and
deve lopitleatal req kitreiieat Which could be adaressedl by the ARI SCO.

III tdI,, , , eAd-i i d i idr iii 1 chid toelCatrrrg11 discussionsI.1 vrhlNN, re,ti t d .auJn U its bL oLth g,, I ,,jgs ri 6 ii. We have been able to
%pro-v , t' ,,hMo i.terid TAi yie idi tag idea,. an i iswer t or WPC operational

deveopilulaspeclt Ia] LII ter~is or da[Ld (01 leCt ion anld data alnalysis.
[hte ,(rwbdieb a-1) Pbkh1)I; id',) n ~ei ~ loaned" f rom
AR! HQ~ lot ill Iit~eLIs~ 1,1. "'ek CI\ -lt~oi oWC applyin our

I,!,L'i Iti ill k,1 SkILI, 7'C arDiuO ohe r or-g~lIZtia L 4e btrrid credibility tor
ARI in~~~Rand 1a, ,e t OmildIt tm u]Ikt j p)USI t tieQ re(-ception01 t f uture
iit rudiit toni ot AR! te:htio logy, )idm11W .. rit suiqjt Lo th pr~oc5sb of our
WO) 1, 1 . Fle PtI). o tga iii zd t~ii liu-' 1 s us di.' 001ij jol) ot ide il it yr g resei rebh

ied- z, they (,;llIt 10at IlUgUe wlt~h i A I Ice, ill which they describe
CIs(-,~, l )lczii Ali n id pert, i~iirt it corp, wrd echelon above



corps level. In the tuture, we believe we might be able to introduce to WPC
resultb from ongoing ARI research on corps pertormance and use feedback from
WPC as guidance for turrher research and development. The lesson learned is
tnat consultation skills and establishment o! networks or relationships
provide the basis Lor our role.

Our second example concerns training technology being developed by ARI
tor the Army Training Battle Simulation System (ARTBASS), which is to be
implemented as the Army's primary system tor training battalion command
groups in the command and control ot combat operations. ARTBASS uses a
coinputer to simulate unit actions and weapons eftects, and to calculate the
changing statub or personnel, equipment, ammunition and fuel in simulated
combat. The system is portable, and the Department of the Army plans to
rield enough systems to train every maneuver battaLion in the active Army
and every Reserve component.

In our larger etrots to clarity issueb and needs in command and
control belcw corps in USAREUR, we attempted to ascertain who the users for
ARTBASS training technology are in USAREUR and how the training technology
being developed by ARI might be fielded along with the new system it

supports. Previous discussions with military users in the field had led us
to Ldentiry an important training issue in USAREUR: Supportive training
pruducts trequeatly arrive much later, ii ever, than new training systems or
niew equipment. The need to make connections was clear. However, our
experiences in the transfer or training technology for the ARTBASS raised
more issues than ansv.rs about the R&D process vis-.-vis our role.

Our aLtempts to make linkages in USAREUR and to have prototype ARI
training products for the ARTBASS examined were well-received by the 7th
Army Training Command (7ATC) in USAREUR, the primarily responsible
organization tor implementation ot ARTBASS. 'Likewise, the Army Materiel
Command Europe (AMC) encouraged our coordination with them in their role in
tielding the system. Our intormal information exchange and coordination
appeared to be holding up dell within USAREUR; however, a subsequent meeting
with a representative from the U.S. Program Manager tor Training Devices (PM
TRADE) ottice lett us with questions about our role. The representative
from the agency primarily responsible for overseeing development and initial
Implementation ot ARTASS was unaware of who ARI was and why coordination in
the USAREUR environment was desirable. Coordination tor fielding of
training technology developed by ARI was not on the list of "things to do"
when fielding new devices. Formally, at least to this representative, ARI
was not considered as a contributor to the overall project. When we were
questioned about how centralized coordination ot training technology and new
devices was done in the States betore fielding to USAREUR, we had to respond
that we did not know. The representative's proposed eftorts to rectify the
lack ot coordination were in terms of a centralized, one product or one case
tix, rather than a systems approach. Our coordination with the U.S.
representative virtually came to a halt.

At this point we are lett wondering. We have been told numerous times
that new devices and equipment otteo arrive in LISAREUR without programs of
instruction or other types of supportive traiing materials. At the same
time, we were often able to point to liuished ARI products which could
assist in these situations. It fell to the SCO in Europe to pursue the
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connect ions. We have not yet answered the questions. Should the
coordination role be absumed by a central R&D management level? Are many
decentralized ettorts necessary? When and with whom? We continue to build
our linkages in Europe and pursue the expansion or lin ages in the entire
R&D community. It is pcssible, however, that we will tinu ourselves outside
the system as we create our intormal network.

Our third example concerns a prodICL tor which our lateral
,ommIunicat ions have ident it ted potent ial new users, ana for which we are
asistuLng ii a test and evaluation prucesb to boost user involvement in the

product 's development. The buccess we have iii making connect ions ib based
largely on the tact that a new type or program has recently been initiated
and based at HQ ARI to provide research product management and which
provides some tormal mechanisms to support a role such ab we are developing.

The JOlit Service RNN) Program sponsored b)y 1.01) was initiated to offer
end userb the capability to participate L,i tbt development ot prototype
technologies. One prouuct trom this program under development jointly by
the Navy and Army is the Personal Electronic Aid tor Maintenance (PEAM).
This highly portable, interactive device would replace maintenance manuals
and provide an aid to pertormancE of Organizational Maintenance. The
initial application ib tor the Tu.ret Mechanic ot the MI Abrams Tank.

Our involvement with che Joint Service program combined with our
awareness ot needs and issues in Europe has permitted the SCO to make
(ennect ionb which may expand the use of PEAM to address a related but
ditterent need beyond its planned application. We are currently involved in
evaluating the teasibility of expanding the portable, step by step
electronic guide Into versions tor use by German maintenance mechanics who
do not use the English language manuals well. In addition, other products
ba.sed on the concept o easy access to prockedural knowledge might become
involved in addressing the maintenance issue.

We see the PEAM example as an important aspect ot the total R&D process.
Within the greater R&D community when these types ot connections are made,
they tend to be as a result or personal ettorts and interests. In the case
ot PLAM, the .Joint Service R&D Program sets the stage tor a broader view of
resea.rch and development. Whe' thib type or R&D management is combined with
the flexibility to share information and communicate about an issue
laterally through miLitary operational settings and R&D organizations, good
ideas can possibly surface wore easily and become reality.

Our final example concerns our activit ies at /ATC where i:iormal
linkages built throughi our use ot consuiltant skills has created gateways
through which tfinished ARI products have been delivered to users.

7ATC is responsible tor planning, developtng, uimnaging, and
coordinating training requirements and programs tor USAREUR. An initial
visit with 7ArC statt members showed that they were geuerally unaware ot
ARI, and yet very interested In the type itormation AR[ was capable of
providing. Atter our learning about 7ATC's mandate and operations from

statt members and written materials, we brieted down through the 7ATC chain
ot command, addrebsing what we ide'itilied as their statt concerns, to

establish a tormally recognized gateway lo this organization.
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We began our worKt with one directorate at a t ime , t irst establ ishing
needs and del ivering iniarmat ion, to esiabi ist. a "track record" within the
organizationi oi delivering what we promised, betore going to the next area.
We currently play a coubult lug role, vis iting 7ATC on a routine basis, and
being called in to address bpecitic problems. Thisb allows tor iallow-up ot
previous work, and identirication at new nleeds. It must be recognized that
there is, 0o.11, 11 unI.edi organizat ional inenory with in 7ATC directorates. When
a ,tati member leaves, our work essentially leaves with1 him. Likewise, when
a new zstat meniber comes oil board we must briet him onl our mission and
provide a package of materials that identities whiat has, and can be done to
bul-pori, ztal t memabers' jobreuren.

Mhere is still no rout ine del iver~ ol ARI pioduICts at 7ATC tar several
r e asons . rhe 7ATC s taL. carries, a very hetavy workload, and does nIot have
thle luxurY ut reading ARI reports, evt!n, wheni these are readtly available.
-,e have le.arned through experience that stati intormation needs must be
kivarl; der ined, and appi icaule AMI mater ial discutbed one-on-one it thle
intor-aa ion IS to be recognized and appl ied to the 7ATC liss ion, and
eventulally ini tSAREUR. Using this approach, we have been able to identify

ndaddlress a number ot intormation neois using past research products and
currentL ARI dratt reseaich materials,. We have also been able to identify

uRtur-e products, both short-term, and long- termn, which address 7ATC needs,
amsv nave provided Ohebe as LheV Were release(d. Based onl research product
ee.Ihack and new operat ional needs at 7ArC, the SCO current ly ident it ies

nee~d-, ikr incorporat ion iato ongoing ARI researchl, thus cont inuing the needs
-technology transfer cycle.

i conclusion, we are looking at research needs assessment, informat ion
dissev'ilat ion, and utili.zation, which comprise a scient ific field at
cont mulling development - one in which a numbtr of models have beeni suggested
hoLt none are definitive. 4e are attempting to t-reate niot onily gateways to
Pxchauge iiitormfat tan, but relationships whic.h can be accessed through the
gateways ana through which thle user can become a fuller partL of the R&D)
cycle to iniluence products bath betore and ater their creation. As we
pertorm the activities, we are constantly examining our actions and
ahsessinig h1ow they Lit or dto not mit smoothlly inoL overall R&D management.
We are Searching tor system Solutions tO tacLilate our roles. It we do
n)ot, We WLl1 always be treating the militamy needs on a band-aid basis, and
whent we, the gatekeepcis leave, thle gates may close. By der1iniing our role
atid .denLtying the types at support and credibiLity needed institutionally
tar thle role, we hope tO get consistently mnore use fram each research dollar
onl a long-term basis. The payoft is in ettective, user-oriented research
Innguei
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The Reduction of Standard Errors of Equipercentaie Test Equating through
Negative ltypergeometric Presmoothing*

Benja.nin A. Faibannk. Jr. Ph.D.
Performance \letri ;. Inc.

5825 Callaghan Rd., Suite 225
San Antonio, Texas 73228

1. INTRODUCTI')N

Test eqkidting i. th,; plroees of finding Nhicl ,crcs oin two or inure similar tests
vurrespond to the same level of abilt in tile populatin of potential examinees. The need
for test equating arises as a result of many consrderations. It is often valuable to have
more than one version or form of a te.st. When more than one version or form of a test is
avaiiable, the pdrticular form taken by an examinee .hould not affect the examinee's
expected -,core.

The replacement of operatiunil t. ,t-, -tqu r' cqia.tI~ig when the scores on tile new
test-, are to be used in the same predictive or evaluative equations or in the same manner
as were the old scores. Test equating may be carried out in any of a large number of
different ways, some of which are of recent origin and are technically sophisticated, and
some of which have been in use for everal decade, (,ee Holland & Rubin, 1982). This
report addresses only equipercentile test equatng t, applied to two equivalent group,;
(Angoff, 1971). The terms "reference test" and "experimental test" are used to indicate,
respectively, the test whose score metric is to be used for the results of both tests, and
the test whose -)core is to be converted to the units of the other test. For example, if an
existing test known as Form K is to be replaced by a similar test Known as Form M, Form
K would be the reference test and Form M would be the experimental test.

\s with any procedures having the goal of estimating population characteristics
baved on data obtained from a sample, there are alsway3 sample-dependent errors present
in te.st equating. If en equipercentile equatiag were to be done twice with simila
samllples, the results would differ. The extent of such differences has been estimated by
Lord (1982) and their magnitudes appear as time standard error3 of equipercentile equating.
As v ith all itandard statistical procedures, the size of tile expected errors decreases
linearly with the square root of the sample size. It is thtLs operationally impractical to
reduce errors beyond 8 certain amount by increasing sample sizes. For example,
dtcreasing the error to one-fourth the ,ize of the error associated with a given sample
size would require using a sample 16 timeb the ize of the original sample. As a
consequence, practitioners of equioercentile test equhting have looked for other ways to
reduce equating error.. They have most frequcntly used tile methods of smoothing.

Smoothing
Two general clas es uf .,:ioothing il,ethods were used. A third class is made up by

combining a smoothing method from the first cla-s with one from the second class. First,
presmoothing is defined a. the procuss of smoothing the observed score frequency
ditrihutiosi prior to the equating. Second, postsmoothing is defined as the process of

*This report is excerpted from a technical report by B. Fail-bank, Jr. titled
"Equipercentile Test Equating: The Effects of Presmoothing and Postsmoothing on the
Magitude of Sample-Dependei:t Errors," ,FIIRl-'lI{-81 64, \ir Force Human Resources
Laboratory, Brooks Air Force '3se, re-as, 78235. The research here reported was
supported by a contract between the Ai" Force Iluman Resources Laboratory and
Performance Metrics, Inc. The opinions are those of the author. lhe full technical report
is available from the author.



smoothing, the e-itiipercentile points after equiating. Thirdi, combined smoothings Involve
presmnoothing ant! postsrnoothing applied consecutively. The common intent of aU thre,
smoothing method- is to remnove small samnple-dependent fluctuations fromn tho
nonsmoothed equatingtsbk that the s iall sample eaqiatings will more nearly approximatc
the ttsymnptotic equatings, or those which would reoult from the use of samples so large
that thle sample-dependenit errors approach zero. Thle extent to which the variou;
mnethod,, achieve this co.n mo intent is investigated by this research. Seven presrnoothing
methods, seven postsmootii'g methodb, arid five c-ombined smoothing methods were used
[is follows:

A. Presinooting Nleiniods
.3 point aooving iediao.-

2. 5-point moving mnedians
3. 3- point mnoving weighted averages,
4. 5-point niocving weighted averages
5. 5-point moving weighted averages with root transformation
6. 425311 U'wice

7.negative hypergeornetrie
B3. Postsmoothing Methods

1. linear regrression
2.quadratic regression

3. cubic rvgi-es>sion
4. orthogonal regression
5. logistic ogive
6. cubic splines
7. 5-point moving weighted averages

C:. Combined Smoothers
1. negative hypergeometric orthogonal regression
2. negative hypergeomnetric quadratic regression
3. negative hypergeometric ~-5-point mnoving weighted averages
4. 3-point moving weighted averages ,5-pa)int moving weighted average-,
5. negative hypergeometric i- cubic splines

F'he final presmnoothing method (see Keats ~& Lord, 1962; also Lord & Novick, 1968,
pp. Oli-52O) is one devised explicitly for smoothiig or fitting frequency distribution, of
test scores.. The di-,trition is the negativ'e hypergeoinetric, whose appropriateness i,,
derived from~ u binomial error model of test coes,. The mojdel assumes several techn 'fl,1
conditions, one of which i -quivalerit to the assuaytjion that all of thle items on thle test
whose score distribution is being fit are equally difficult. That condition is known to hc
false in the case of most tests, but the fit of the negative hypergeometric is still good
enough to make it promising for further )tudy (Keats & Lord, 1962).

01(letives
The nimi of the IA'esent effort was, to evaluate tile effects of various diffek '?nt

methods of presinootluing, postsmnoothirig, nd combllined smoothings on the accuracy of
test Vquatiugly. Thie StUds' wa.s e, loratory in nature, designed to determine which metLocML
hold the most promise for operational use.

11. M Ffi 10i)S

(3-eneral Plan
Thle plain undetilying this iivuAitition W.-, to use three different approache.s ,,

det ermiine the effectivenieos of each of 14 iitarv ,miootinug mnethods arid five comibiner!
smnootimf methods. The fii'st approtach used simnilat ed tests find examinees; the seeonK,
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'fl tb~' ~C *!t"".o.1 teC t., tidiheto e ~atilniutt. unwiet operational c jfditi.
g.w e of 'dnltcte ,,ts 'nd emm.iinet * tlit uifl s.~~' sects of
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'~'eho", thai1 i,-ldeo r e,.I1t., t\ ,ie!a of nn eqa!atlng tizirg t-ii inufini tely tar,,
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r tioai> at f ~ rain the Expected Obos'red Scork? lktribution (EOSD, see belo-
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*;~~ j~i "tuukrcentjie tyvAing-, o Inu siruithngs wvere then performned usi.

I: tL~ 'i~ito etl:1the ociteiin cqiintiligs fur tne -,inulatioI1s used inl
I o 's l,! the EOS1) for each test. n algorithin d12veloped by L1ord ti

* I,'. I~.J.Vi, I0 to puepdI e distributions : of' expected oiuserved scorezs for V.,
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L~ ~ ~ In\aIa q1 8t e 0 iP- ~2 ~I rti hr IJ ~I I ('WC,,aI e for I'
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Eqiatings
All test equatings were performeu using tile equipercentile nethod described by

Lindsay and Prichard (1974). For the unsmoothed equating and the equatings to which
only postsmoothing was to be applied, tile raw frequency files were equated. When tile
equatings involved presmoothing, the smoothed frequency estimates were equated.
Following the equatings and smoothings, each test or simulated test had associated with it
a criterion equating, an unsmoothed equating, and 19 smoothed equatings, one for each of
the smoothing methods used.

Analy;is of Equating Results
Each of the five tests, three simulated and two operational, had associated with it

one criterion equating, 100 unsmoothed equatings based on sample sizes of 2,000 (called
the "small sa nple"), and 100 sets of 19 smoothed equatings based on the same samples.
The question of interest is tile effect of the smoothings on the accuracy of the equatings.
\ deviation is a difference between in equated -,core obtained with a small sample and an
equated score based on a criterion equating. At each observed (i.e., integer) score on tile
experimental test, tile corresponding score on tile reference test was found using the
criterion equating. The equated score- were found as decimal fractions not rounded to
the nearest integer. The score corresponding to tihe same experimental test score was
then found for the ,nsmoothed snail sample equating and for each of the 19 smoothed
eouatings. The differences bct,%cen the equated score based on the criterion equating and
the equated score based on the s-nall sample equatings were found for each possible score
on the experimental test, for the unsmoothed and for the smoothed equatings, for all 100
replications. These differences, or deviations, were the raw data used for evaluating tile
smoothings. For each of the 100 small sample equatings, the deviations at each score
were combined across equatings to give a general measure of deviation at each score.
Three such deviation measures were computed.

The first measure is the Root Mean Square Deviation (RMSD), found by taking the
square root of the suin of the squares of the deviations across all 100 samples. Tile second
measure is the Average Absolute Deviation (AAI)), or simply tile mean of the absolute
value of the deviations computed across atl samples. The third measure is the average of
the signed values of tile deviations (ASD), found by taking the mean of the deviations
across all 100 replications. ASD differs from AAD in that tile absolute values are not
found before tile mean is computed. ASD is sometimes called "bias," or "statistical bias,"
but in the context of testing the term "bias" denotes other phenomena and so is less
appropriate than "ASD."

l1. RESULTS AND DISCUSSION

It was found that with some smoothing methods, especially the presmoothing
methods, smoothing resulted in large increases in the devit.ion measures for very low test
scores. In some cases the increases were so great that graphing then required such a
large resealing of the figures that the more important deviations in the middle ranges of
the test could not be represented. These large induced deviations are seen as being of
tittle interest because they occurred at score values which were lower than the guessing
level on a test, and so were not associated with meaningful measures of ability. In order
to show the more relevant deviations effectively, the figures do not present information
on the levels of RMSD, A kI), or ASI) at test scores below the guessing level for each test.

Of the 14 smoothing methods, negative hypergeometric smoothing was uniformly
most effective in reducing root mean squtre error. The results of that method are T-,hown
in Table 1.
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Table 1. Summary of the Averaged Effects of Presmoothing 'y the Method of Negative
llypergeometric

Proportion of Mean Deviations
Test Length RMSD AAD ASD

Simulated Tests
15 .891 .903 2.919
30 .865 .867 3.596
50 .852 .861 3.453

Operational Tests
20 .905 .908 2.008
25 .966 .989 7.479

\1 ean .896 .906 3.891

\'ote. rabled values represent RNISD, AAD, and AS]) as proportions of the values found
without smoothing. Average. taken over all sa nples at all -cores above chance level.

To evaluate the effects of smoothing, particularly its effects on deviations, it is
helpful to consider such deviations within the context of the accuracy of ability or
nkhievement tests mnore generally. The standard errors of equating discussed in this
report are not the only measurement errors which arise in the testing process. There are
als3o .Atandard errors of measurement that are intrinsic to any test which is not perfectly
:eiiaule. the following formula (Mken & Yen, 1979) relates reliability (R), standard error
of measurement (SE), and test score standard deviation (SD).

SE=SD* -fl1 - R

Thus, the standard error of measurement for the experimental test of length 15, based on
i reliability (KR-20) estimate of .80 and a standard deviation of 3.28, is 1.47. Similarly,
the .-tandard error of measurement for the experimental test of length 30 is 2.20, and that
for the experimental test of length 50 is 2.74. The corresponding average standard errors
of equating, as estimated by Lord's formula, are .15, .30, and 51. Thus the standard error
.)f equating ranges from approximately only 10 to 20 percent of the standard error of
neasurement.

The results of smoothing by the negative hypergeometric are the only ones which
show consistent improvement in RMSD and AAD as a consequence of smoothing. The
effects are particularly impressive with the simulated tests, presumably in part because
the criterion equatings for those teats are nearly perfect, not estimated from very large
.A nples. The gains are not uniform across the tests. On the shorter tests at lower scores,

the measures of RMSD and AAD actually increase as a consequence of using the negative
hypergeometric. The beneficial effects of the negative hypergeomtric do not extend to
the neasures of ASD. The ASI) increases both globally and locally, sometimes quite
,hrnat-callv. These increases were expected at the lower end of the test, where guessing
is a ftctor, )ut increases at the upper end were not expected. It must be noted, however,
tie %SI) figure:-, were low initially, so that a tripling of ASD may still denote an
acceptably low level.

' hy is it that the negative hypergeometric smoothing method outperforms the other
1jn'csmoother'? It is likely that it is in part because that smoother takes into account all
of tile information in a distribution's mean and standard deviation in arriving at the
-moothed frequency for each point. Although the negative hypergeometric does require
tile itsu.nption that all items are equally difficult, an assumption usually contradicted in
practice, its success as a presinoother indicates that its use is robust against violation of
tlhv tiumption. Furthermore, among the seven presnoothers investigated, only the
neg,,tive hypergeometric is based on a mathematical model of testing.
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The present study is limited in several respects, all of which may tend to reduce its
generalizability to other applications.

First, only five tests were used: two operational and three simulated.
Gencr lizqtions to other tests may be inadvisable if the tests do not statistically resemble
those used for this study.

Second, the tests used, especially the simulated tests, may be more similar to each
other than are most operationally equated tests. Generalization to less similar tests is of
questionable appropriateness.

\,nong the presmoothing methods, the negative hypergeoinetric and, by extension,
other smoothers of the same beta binomial family, deserve consideration for operational
use. If Rny of the presmoothers studied here is to be adopted, then the negative
hypergeometrie would be the most appropriate. It has the effect of reducing RMSD by
about ten percent, a benefit which could alt;o be achieved by increasing sample size by
about 20 percent.
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WEIGHTED LIKELIHOOD ESTIMATION Or ABILITY IN ITEM RESPONSE
THEORY WITH TESTS OF FINITE LENGTH.

Thomas A. Warm, Ph.D.

U.S. Coast Guard Institute

A new method of statistical estimation, Weighted Likelihood
Estimation (WLE), was discovered in Warm (1985a), and a new
theorem of mathematical statistics was proved in Warm (1985b).
The theorem states that WLE has zero first order bias, in
contrast to Maximum Likelihood Estimation (MLE) and Bayesian
Modal Estimation (BME) which are both biased. WLE was applied to
ability (8) estimation in Item Response Theory (IRT).

METHOD
Using Monte Carlo methods, WLE(8) was compared to MLE(8) and

BME(8) on 12 conventional tests with 10 to 60 items, a-parameters
of I or 2, and normally distributed b-parameters. The three
estimators were also compared on two tailored tests with optimal
b-parameters. One tailored test had an infinite item bank and
all a = 2.00 The other tailored test aimulated a finite item
bank with declining a-parameters. For all tests all c = 0.20

RESULTS
Partial results are presented in the figures below. For

complete results, see Warm (1985b).
In both conventional and tailored tests WLE(G) was less

biased than both MLE(O) and BME(O). In addition WLE(G) had small
variance over the entire range of the 6-scale, as well as small
mear, squared error even at non central G.

DISCUSSION

The relative unbiasedness of WLE B) makes this estimator
particularly appropriate in applications o± 1RT for which the
parameter invariance property is important.

Two new insights for MLE(8) were discovered: 1) natural,
rational bounds, and 2) a conditional analogy to the attenuation
paradox in tailored tests with high a-parameters.

The heart of WLE(8) is a weighting function, w(8), which is
multiplied times the likelihood function, and the product
maximized. This weighting function, which removes the bias and
uncontrolled variance of MLE(8), is a function of 8 and the item
parameters, and is specific to each test. It was shown to be
equal to the square root of test information for the one- and
two-parameter models of IRT, and equal to a closely related
function for the three-parameter model.

REFERENCES
Warm. T.A.((1985a) Weighted Likelihood Estimation of Ability in

Item Response Theory. Technical Report CGI-85-0, U.S.
Coast Guard Institute, P.O. Substation 18. Oklahoma City, OK
73169.

Warm, T.A.(1985b) Weighted Likelihood Estimation of Ability in

Item Response Theory With Tests of Finite Length. Ph.D.
Dissertation, University of Oklahoma, Norman, OK. (Also
available as Technical Repnrt CGI-85-06, U.S. Coast Guard
Institute, P.O. Substation 18, Oklahoma City, OK 73169.)
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LEADER BEHAVIOR AND THE PERFORMANCE OF FIRST TERM SOLDIERS

Leonard A. White, Ilene F. Gast and Michael G. Rumseyl

U.S. Army Research Institute for the Behavioral and Social Sciences

A large A-my project is underway to validate new and current predic-
tors of first erm soldier performance. A major objective of this effort
is to increase .'.rmy organizational effectiveness by improving the soldier
job match. This will be accomplished by developing a set of selection and

classification measures (predictors) and performance criteria and then
empirically demonstrating relationships between the predictors and per-

It is recognized that job performance is not only related to charac-
teristics which are measurable and identifiable prior to enlistment, but

is affected by experiences and developmental opportunities that occur
throughout a soldier's life-cycle in the Army. The focus of the present
research is on the performance-relevant consequences of a soldier's inter-
action with his or her superiors. Longitudinal research indicates that
the quality of leader-subordinate work relationships are predictive of
job success (Wakabayashi & Graen, 1984). Aspects of leader behavior such
as providing rewards and recognition, d.sciplinary practices, and inspira-

tional leadership have been related to subordinate effort and performance
(e.g., Yukl, 1981).

However, past research on leadership and performance has generally
omitted the influence of ability or the potential interactive effect be-
tween individual aptitudes and leadership on job proficiencj and perform-
ance. Some investigations (e.g., Barnes, Potter, & Fiedler, 1983) have
suggested that the prediction of job performance from general ability is
moderated by leadership. Other researchers (Schmidt & Hunter, 1977) have
argued that the relationship between general ability and performance is
stable across time and situations for similar jobs.

To summarize, the model examined in this research assumes that job
performance is influenced by a new incumbent's capabilities measured prior
to enlistment and characteristics of the work environment. Within this
framework the purpose of this research was twofold: (a) to oxamine rela-

tionships among dimensions of leader behavior and subordinate performance,
and (b) to explore possible moderating effects of leadership on the corre-
lation oetween general cognitive ability and job performance.

METHOD

Research participants were 696 first term soldiers in five military
occupational specialties (MOS); 156 infantrymen (MOS 11B), 139 armor
crewmen (MOS 19E), 125 radio teletype operators (MOS 31C), 141 light wheel
vehicle mechanics (MOS 63B), and 135 medical care specialists (MOS 91A).

1The views expressed in this paper are those of the authors and do not
necessarily reflect the views of the U.S. Army Research Institute or the
Department of the Army.
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Of these soldiers, 88.5% were male and 11.5% were female; 28% were black,
3% were hispanic, 64% were white, and 5% other. Soldiers' report of work
experience in their unit ranged from 2 months to 49 months (median=one
year).

Instruments

The first step in this research was to develop measures cf leader
behavior and so14ie- performance on the job.

Supervisor behavior rating scales. Critical incidents workshops were
conducted with 80 NCO in the five target MOS. These NCC generated a total
of 474 examples of leader behaviors thought to influence soldier perform-
ance. Classification of the incidents by two of the authors and 31 NCO
familiar with Army leadership requirements led to the identification of 9
categories of leader behavior (White, Gast, Sperling, & Rumsey, 1984). At
least 5 and no more than 8 items were written to represent important
leader behaviors in each category (e.g., Your supervisors are hard to find
when you need them). These procedures resulted in a 60-item question

naire. Responses to each item were made on a 5-point scale from very seldom
or never (i) to very often or always (5).

Job performance rating scales. To develop these scales, critical
incident workshops were conducted in which NCO provided examples of effec-
tive (as well as ineffective) soldier performance. The number of NCO and
examples provided were as follows: MOS 11B, 51 NCO's, and 906 incidents;
MOS 19E, 43 NCO's and 798 examples; MOS 31C, 45 NCO's and 830 incidents;
MOS 63B, 49 NCO's and 882 incidents and; MOS 91A, 42 NCO's and 78" inci-
dents. A variant of the behaviorally anchored rating procedure (Smith &
Kendall, 1963) was used to develop behavior-based rating scales for each

job. The resulting rating form for each job consisted of seven to ten
7-point behavior summary scales.

Army-wide performance rating scales. To prepare these scales, 77
NCO's and junior officers working in a wide variety of Army jobs generated
1,215 behavioral examples. The examples represent those aspects of sol-
dier effectiveness that contribute, broadly speaking, to organizational
effectiveness, such as following orders and regulations. The target cri-
terion space for these scales went beyond job performance to include as-
pects of socialization and commitment to the organization. Eleven 7-point

n.-S d'~ ' ~ r' ' fo r '

Hands-on, task proficiency tests. For each of the jobs, 5-8 critical
tasks were identified to represent the MOS-specific task domain. Multi-
step task proficiency tests were prepared for each task. Each step of a
task was scored pass or fail. A score for each task was computed by
calculating the proportion of steps passed and the task scores were aver-
aged to yield ar. overall hands-on test score.

Job knowledge tests. Through job analysis, important knowledge areas
were identified for each of the five jobs. With the help of subject mat-
ter experts, items were written to tap these knowledges. For each sol-
dier, the percentage of correct items was the overall job knowledge test
score.
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Correlations of hands-on and job knowledge test scores, job perform-
ance ratings, and the Army-wide effectiveness rating with the leader be-
havior scales are presented in Table 2. Results are shown separately for
each of the five jobs. A mean zorrelation (r) acrose the Live jobs was
computed by weighting each correlation by its associated sample size
(Hunter, Schmidt, & Jacksin, 1982). The hi6hest correlations were

I Table 2

Correlations between Leadership Scales and Criterion Measures by Ary Job

Leadership Scale

Job 1 2 3 4 5 6 7 8 Total
Scale

Hands-on Task Profiriency

I1B .05 .03 .19 .24•  .17, .25 .10 .110, .18
19E .14 .11 -01* .14* .24 .11 .18 .23 .22
31C .02 .00 .15 .18 .02 .08 .03 .15 .09
63B .12 -. 05 .10 .06 .00 .05 .08 .12 .09
91A -. 05 -.14 -.12 .02, -.04 -.06 -.09 -.08e  -. 10*
r .05 -.02 .08 .13 .07 .09 .05 .10 .09

Job Knowledge

11B -.01 -.17 .02 .13 .03 .15 .09 .12 .03
199 -.03 -.03 .05 .03, .06, -.13, -.02 -.03 -.02.
31C .17 .11 .12 .30 .26. .23 .12 .17 .22
63B -.05 -.04 .05 .05 . 0 -.05. .01, -. 06, -. 01
91A -. 12 -. 10 -.01 -. 01, -. 11 -.18 -.22 -.23 -. 13
r -.01 -.06 .04 .09 .08 .00 .00 -. 01 .01

Job Performance Rating

lip .12 .01 .'6 .23 .08 .21 .10 .03, .13
19E .11, .04 .09 .16 o, .05 .11 .21 .13
31C .21 .01 -.04* .12 .20, .17 .02 .07 .14o
63B .17 .08 .23 .08 .20 .07 .07 .08 .18
91A .08* .07 .05 .11* .000 .08, -.12 .01 .03,
r .13 .04 .08 .14 .11 .11 .04 .08 .12

11B .17 .06 .04 .23 .12, .20 .11 .07 .17,

19E .12, .02, .07 .14, .22, .1O .14, .15, .15*
31C .41, .19 .12, .34 .32, .32 ,18 .24 .37,
63B .20, .13 .30 .11, .19 .06 .04 .08 .21

91A .17, .05, .14, .20, .07, .09, -.09 .07, .12,
r .21 .09 .13 .20 .18 .15 .07 .12 .20

Note. Leadership scales: i (Support); 2 (Informing); 3 (Fairness); 4 (Participation);

5 (Pertormance Contingencies); 6 (Role Clarification); 7 :ResultB Orientation);

1 8 (Training 
& Development); 

9 (Total).
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General cognitive ability. The Artued Services Vocational Aptitude
Battery (ASVAB) was administered to all participating soldiers prior to

entering military service. The ASVAB, which consists of ten subtests, is
used for selection and occupational classification. A composite measure
of !our ASVAB subtests, known as the Armed Forces Qualification Test
(AFQT), was used as the measure of general cognitive ability.

Procedure

Raters were trained to use the behavior-based rating scales. After
training, supervisors in groups of 3-15 evaluated their subordinates on

the Army-wide and job performance rating scales. The mean number of
supervisor raters/ratee ranged from 1.66-1.83 for the five MOS. Ratings
were averaged across supervisor raters to form an overall job performance
rating and an Army-wide effec;tiveness rating for each ratee.

The first term soldier (ratees) completed the aupervisor behavior
rating scales, and were also administered tests of job knowledge and

V hands-on, task proficiencies.

RESULTS

Principal components factor analysis was used to examine the
dimensionality of the supervisor behavior rating scales. Varimax and
promax solutions were computed and the interpretation restricted to fac-
tors appearing in both solutions. Comparison of the rotated structures
yielded eight factors with eigenvalues greater than one. Items loading
above .4 on one and only one factor were interpreted as measuring the
factor. Items with weak loadings on all factors or similar loadings on
two or more factors were not used to measure any factor. Factor score
estimates were computed by unit weighting and summing individual's re-
sponses to the set of items representing each factor. Table 1 presents
the intercorrelations among the estimated factor scores.

Table 1

Intercorrelations Among Leadership Scales and SummarL.Statistice.

No. of Scale Std.

1. Support/Inspiration .89 .64 .48 .64 .53 .72 .58 .68 .9') 9 27.2 7.5

2. Informing .78 .54 .49 .53 .54 .48 .50 .79 6 19.0 4.8

3. Yairness .74 .47 .46 .40 .31 .36 .67 5 16.5 4.3

4. Participation .70 .44 .60 .46 .56 .76 4 13.4 3.4
5. Performance Contingencies .55 .47 .40 .39 .67 3 9.9 2.5

6. Role Clarification .78 .55 .63 .80 4 12.9 3.1

7. Results Orientation .56 .59 .66 3 9.4 2.2
8. Training and Developnt .71 .77 5 14.7 3.9
9. Total .94 39 123.1 24.7

mot. Internal consistency reliabilities are presented on the diagonal.

a.-5696
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obtained between perceptions of leader behavior and the Army-wide effec-
tiveness retings. Within the set of Army-wide performance dimensions,
strongest relationships were obtained between supportive and participative
leadership and ratings of subordinate adherence to regulations and will-
ingness to provide extra effort when needed. Statistically significant

*but lo-% correlations between leader behaviors and job proficiency were
evident in the two combat MOS.

Hierarchial regression analysis was used to estimate the relationships
of cognitive ability (i.e. AFQT score), leadership climate, and their
interaction to job proficiency and performance. The AFQT score was en-
tered first in the regresAion to assess the contribution of mental ability
at the time of enlistment to later job performance. Then, leadership and
the ability X leadership interaction were entered to assess post-enlist-
ment leader influerces on performance and the utilization of ability on
the job. In the regression mocel, leadership was represented by the sum
of scores on the 8 leadership scales. The criterion variables were job
knowledge, hands on task proficiency, and supervisor ratings of job per-
formance and A-my-wide effectiveness.

Of interest hexe, results of the r~gression analyses revealed no
statistically significant increasp in R due to inclusion of the ability X
leadership interaction in the model. In each of the five jobs, the high-
est multiple correlations were obtained for prediction of job knowledge,
with R=.30, to .60, all 2<.O5. This effect was primarly attributable to
the influence of general ability on job knowledge. Leadership and cogni-
tive ability had significant independent effects on task proficiency in
the infantryman and armor crewman jobs with, respectively, R=.28, p<.05,
and R=.37, p<.O5. However, in MOS 91A anu MOS 63B R s for the prediction
of task proficiency from the independent variables failed to reach sig-
nificance. With reipect to supervisory ratings of job performance, abil-
ity and leadership and their interaction accounted for less than 5% of the
variance in this criterion. Leadership showed several significant corre-
lations with Army-wide effectiveness ratings at the zero-order level,
however the R2 for this criterion achieved significanze only in the ra-
dio-teletype operator job, with R=.37, p<.05. Correlations between cogni-
tive ability and the Army-wide effectiveness rating ranged from r= -.28 to
.03.

DISCUSSION

nitive ability, and the performance of firs-t term enlisted soldiers. Re-
sults for the five Army jobs examined ,,re support the conclusion that
general ability and leadership behavior have independent effects on per-
formance. However, each appears to contribute to effective soldiering in
different ways. Leadership, as perceived by the subordinate, had the
strongest effect on the motivation-related, dependability facets of per-
formance measured by the behaviorally based rating scales. General cogrii-
tive ability contributed to performance by enabling enlibtees to learn the
facts and procedur-s required to perform their jobs.

No evidence was obtained indicating that relation3hips between
general ahility and job proficiency and performance are moderated by

leadership influences. This finding supports conclusions by Schmidt and



Hunt r "j a at tne ' ta 1 t1eS Of 'gt:vt v es'z are sL.-i1ar across

situ at cfns :r the saie a me':n Leiwe r, g:!.era" cgitive ab-l-
ity ar.d each -ritterion meh.;urt did ayrv somew:nnt aro ,s ,,cbs, but almost

a!. of the variat.cn was attr- table to sam': ng error.

The reat:o::sh:ts etweer. arThr. -ano [rformance reportea here
should not be interpreted as indicating tnat -eadursnit behavior "causes"
performance. Leaaer3hip effects on performance may be understood in terms
of exchange theory (Graen, bj7D, which views the interaction between
leader and subordinate a3 a -',c:orocalr n. , pro.cess that develops
over tume. Subs.,'d-nates whk are perc-vei as Willing to work hard and

support the Mnss1cn wil bu evaliates more f&',orably by their superiors.
in return for tneir support, tnese sold-ers art l:kely to receive more

individual-zed attention, normation, and other resource3 from their
supervisors; whi-ch, -n tur.., serves tc r nfcr-e and sustain subordinate

effort.

The resuits repurted her are largI/ exporatory. Future data col-
lection and- an alysis will provide an opportunity to confirm the leadership
factors ani to ixamr.e potential moderating effects of leadership behavior

on a broad rane of soldier aptituldes and c'aracteristIcs.
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'EAS*RD' "' LITAKNY rLR )ISM

-. Jeffrey ":. AndJerson

U.S. Ar-.y Researcn Institute

a d ar.-e extent the d1rat7a of hu-an history has leen woven tro-, thie
1 -ra~nes of eople who by the nature of their ,uccesses beyond the patttrL
if e-er-2a, 'life assumeJ a r~ythl,-al or legencary btature and becam~e natllonai

1 73). -urln' periods of revoluti,,ns and wars the tate Of
t-: eo-lesC !. as set!,ed to hang upon the 1jecisions ot a few powertul peo-

* ~,.. . , Ar thur N. Schlesinger, -harles de g;aulle, and others haive re nar~ed
* ~t..i a, dCOf heroes is past ,Jennings, 19u,-). 'Let it is also pos:lletr-

Le ~<.~ritero our heroes, or what we reconlce as heroism, has changed. e
merre,,arZ; our heroes as rare speci~iens of humanity. They are only

* ~ c-fereat from ourselves gene rally dut! to the situation or circum-
SS,;rrou~ndinz the act of heroism. While gallant acts hays given birtn

ec i of heroes, scientific res:earch in the area of haroism has been,
-ZZscarce. ihe present stady is a prel-,.ninary attempt to examine four

* e~e-rcn questions. ?irst, what dre tne ingredients of heruisun? Se(uuiid,, do
* ecyle still recognize and label certain behaviors as heroic? Third, have

tseheroic Lhatacteris tics changed over time? And fourth, can we mreasure
;u ., , efore a crisis?I
eriis-. i[LVoives 6LedL Lra%,try, darin -g courage, valor, gallantry, and

* Intrep-idity kbarnhart, 1907). It includes elements of extreme selt-sacriiic-
iu, ~;r~efulfilling a hlgn purpose, and atta3ining a noble end (W;ebster,
11o., ut there qualities d,) not re.2ily lend themselves to measurement and

research. In the literature on heroism there are three major foci. The
:!rst v-phaSizes the personality of the Lero. It contends that the hero

h-ave been socially recognized as a hero without regard for the circumn-
* ti~c~sur,.uunding his behavlor. The second focus follows the arg-nents .

ne.;el and Spencer. Man is considered a mere product of social forces coin-
:I .-- tallv combin-ed ini tine and space to convrerge upon an individual trnat

* sUciet" labels as a hero. Finally, early social reformers and revolutionar-
,ts, eripha-sizing Darwinian concepts, contended that heroes were thrown up by

e:,.a~e of the natural selection process. The social environment was a
- Ile,'tPou ius truwient to provide opportunities for these men to display their

rneta ~ry talents in ..eroic acts. The situation limited the hero, but ulia
I it Ju0--lnate nim.

Ii ,eneral, the literature of heroism tells us little about the type oi
per.Soi who is predisposed, with situation perm-,itting, to become a military
hero. In other words, while we all seem to know ab)out heroism there is no

*operationial definition of the concept. To attempt to provide an operational
def mi ton, we systernatially anrlyzed tne citatious for heroisma in which Whe
re-ipierit was given the highest military award, the Medal of Honor. These
cititiocis should also represent our society's general definition of heroic

ta tion . I'he 'Iedal o" Honor is presented to a service member who "dis tin-
_,uished ni-rself conspicuously by gallantry arid intrepidity at the risk oi hlL
life at.-ve and beyond the call of duty." As the highest military award for
bravery, each branch of the arined forces has established a set of prescrip-

[he views expressed in this paper are those of the author and do not nece~s-
sarily reflect the view Of the US Army Research fnstitute or the Depat UIent
01 the Army.



tLive regulations that leave no margin of error or doubt. The deed of the
recipient must be proved by incontestable evidence from at least two eyeoih
nesses, and it must be so outstanding that it clearly distinguishes his g.
lantry beyond the call of duty from lesser forms of bravery. As such, thL
citations from Medal of Honor winners are essentially narratives of critic,
incidents of heroism -nd well-suited to the development of an operational
definition of military heroizn ( lanagan. 1954).

Method

At the time ot this study the Medal ot Honor had been awarded 3369 ti
s)aning the years !,o3 to 1978. From the ciuations given with these awa:
)37 .'ere randomly selected for analysis.

A group of three judges, two male and one female, working inJependenrt
aaaly~ed these citations to determine the critical behaviors exhibited by
heru that were recognized by his fellow s 'iers and rewarded by the miii-
ta ry. The eight dimensions of behavior that were unanimously listed by a,,
Ll~ree judges were accepted as truly describing military heroism.

Another group of five judges, two female and three male, were tnen a! ,'

LU rate each of these dimensions concerning how well it described militar
heroism as exemplified by a group of 254 randomly selected different cita
tions, These additional citations were chosen in an effort to broaden th
sample and thereby improve the generalizability uf the dimensions and fin
.ags. In order to achieve these objectives ten percent of the remaining
citations or 303 citations were randomly selected. Since many of these ci
Lions were verbatim duplicates of others, redundant citations were elkni--
nated, giving 254 citations for further study. These judges had extensiv,.
military experience and repres(:nted the Army, Navy, and the Air Force. F
judge was asked to rate on a I to 5 scale the exten. to which the derived
eight dimensions described the behavior of the award recipient in each ci
tion kifroi not at all descriptive to totally descriptive).

Since the judges used the rating scales differently, each rating scol
was converted to a standard score using the overall mean and variance of
judge giving the rating. The interrater reliabilities, using Winer's te -

nique and corrected for five judges, were calculated. Based on these ;el
bilities, the ratings from all five of the judges were combined and a me,
rating was calculated fo, each performance dimension. The more accuratel
dimension described the concept of heroism as defined by a specific cita
the higher the judge's rating on that dimension. The dimensions were ra,
in order of their overall importance in describing military heroism.

Subsequently, rat.ngs were categorized according to the conflict fri
which the Medal of Honor citation was drawn. A comparison between confl'
ot reiatlve importance of each dimension to the concept of Military Hero,
was used to test the implied hypothesis that our societal definition of
ism had changed over time.

Results

The tirst group of three judges were asked to independently derive
sicas of military heroism based on a randomly selected sample of 337 c,'
from tie Medal of Honor. Dimensions that were unanimously selected by
judges were used to describe each citation. All citations could be de.,-
using oLae or more uf the dimensions presented in Table 1.

'W '~. T ) J, ,,
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_c h.. tclzes upinf an up, z tun' t). ( ,elzin an Oppor tuni ty) .57

~ent a1 y , the ai Itarv hert, iod to se t an example of behavior before
* i. ~e cr.a reogito uY Lft o ra n iza cion.-. eonto He persis ted i n the accon-,,
* ~ lsLentofhis duty and willingly accepted personal danger, subordinating hlis

own life to the values of his cause . Given the opportunity to command (leader-
ship) he did so, ani when opportunity presented itself he seized upon it.

hese dimensions did not, however, demo-itrate any relative importance in
* describing heroisam. A second set of Judges, therefore, was asked to rate on a

scale of I to 5 how important each dimension was in describing the heroism
expressed by each of 254 different, randomly selected citations. After con-

verting the ratings given by each judge to standard scores, the interraterI
reo1'bilitie for each dimension, using Winer's technique and corrected for
five judges, were calculated. These reliabilities are also presented in
Table 1. While the first ta.o dimensions show lower reliability than other
dimensions, all aze considered acceptatle for untrained raters, especially in
light of the unanimous agreement given to these two dimensions by the origi-
nal three judges.

based on these reliabilities, the judges' evaluations were combined. The
% results of this combination yielded the order of importance for the dimen-

sions as shown in Table 1. In all cases, the five judges agreed that the
dlimensions previously constructed to describe heroism were adequate descrip-
tors of heroism.

To test the implied hypothesis that military heroism has changed over
time, each of the judges' ratings were grouped according to the time period
of the citation fromt which the rating was derived and average ratings for
each dimnension were calculated for seven major conflict periods from the
Civil War through the Vietnam conflict. A 'profile analysis of these average
ratings by conflict -'eriod is shown in Figure 1.
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I A selfless devotion to accomplishing a duty or perceived noble

cause.
2 Leadership by personal example--especially applying high but

achie,'able standards to himself and his unit.
A reasoned acceptance of risk (especially risk of his own life)--
calm, confident aid self-controlled in the Lace of mortal dan-
ger.

4) Decisiveness despite unreliable, incomplPte and often inaccurate
information ability to separate the important from the trivial).

> Being effective at communicating instructions so that every mem-
ber of the unit knows and understands the leader's wishes.

o creating a team or cohesive unit that all work as one to achieve
the noble cause or purpose and training that unit for combat.

"ne ,arrior Spirit,then, appears to be a combination of native character-
istics and training. The Fighter Studies (HumRRO, 1957-1958), examined ef-
:ective combat soidlers during the Korean conflict. They found that a
tishter (warrior) tended to (1) be more intelligent, (2) be a "doer",

iv u-e greater emotional stability, (4) have better health and vitality,
and (5) have a greater fund of military knowledge. In 1979 and 1980 studies,
AnJerson found that successful combat leaders were more intelligent, task-
oriented, had higher morale, and had more direct, job-related experience than
t'.elr less sL(Ccessful peers.

An historical analysis by the Department of HisLory, USMA (1984) found
thlat successful combat leaders had: (I) terrain sense, (2) single-minded
tenacity - moral courage (3) ferocious audacity - willing acceptance of rea-
soned risk, 4) physical confidence, and (5) practical, practiced judgement-
cor-,on sense.

sased on these studies the hero may be selected in peacetime based on his
i:, telligence, moral courage, character, mental and emotional health, physical

* ell-being (mcA+1al and athletic), decision-making ability, common sense, and
sell f-onfidence.

Lonclus ions

This paper has presented a simple, empirical investigation to determine
"te )peiat'onal definition of militaty heroism. It has corroborated this
jefinition with findings from other, relateo research. Though current psy-
cnlogical literature has little information concerning the psychological
profile of a hero, there are ce, tainly indications from the analysis of a
different body of literature that military heroism is readily recognizable
for others and that the hero has certain measurable characteristics that
distinguish him from common humanity. We have shown the underlying factors
of heroism and in conjunction with related research propose that certain
factors may be measu e an used to predict military heroism. Since this
study is the first of its kind, there are admitted imperfections, but it
demonstrates conclusively that heroism has a psychological meaning for the
average individual which may be scaled and reliably measured.
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ANALYSIS OF FUNCTIONAL TRAINING PRuGRAMS
AT THE NAVAL SUPPLY CENTERS

Neal R. CROWLEY
U. S. Naval Audit Service

In fiscal 1980-1981 $223,649,000 was misplaced, lost, or
stolen from the Naval supply centers and management indicators
tracking worker performance declined. Congressional concern
resulted in several General Accounting Office (GAO) audits and
numerous recommendations for improvement. In fiscal 1982
performance indicators improved and $48,974,000 in misplaced
material was located.

Responding to strong Congressional and GAO criticism for
poor inventory accuracy the Naval Supply Systems Command
(NAVSUP) instituted several programs to improve the performance

~of warehouse workers. As part of the overall effort, NAVSUP
Etarted a functional training effort called Competency Based
Certification (CBC) The CBC program increased training
staffs, improved training facilities, provided money for more
training, required the supply cen:ers to develop job related
training materials for their warehousing functions and to fully

:'S train all employees. CBC required supervisors to "certify"
that employees could perform theii jobs.

Scope of the CBC Program

Approximately 1,500 warehouse workers at seven supply
centers received 79,776 hours of CBC training from 1 August
1982 until 31 December 1984. NAVSUP spent almost $3,500,000
during this time for contractor developed CBC training
materials and $500,000 for classroom renovation, printing,

etc. NAVSUP hired 45 new training employees to implement the
program and issued a new 4±2,000,000 training contract because
of management's belief in the succpss of the program.

CBC training is very expensive. Contractor costs alone
exceed $5,000,000 so far for a per person cost of over $3,333.
79,776 hours of CBC training equals slightly over 53 hours per

employee. NAVSUP paid an additional $970,000 for employee
salaries while they were being trained and almost as much for
the salaries of program administrators and instructors. Spread
over the 27 months of the program studied, 53 hours of CBC
training gave each employee an average of two hours per month.

Currently, more hours go into administering the program and
developing training materials than go into employee training.

There are two training programs. One is based on

contractor and supply center training materials. Another is
physical distribution training. This consists primarily of

greatly intensified trairing along traditional lines.
Employees go to existing traininq courses ranging in size from
one hour briefings to six month professional training courses.
The supply centers conducted 226,429 hours of physical
distribution training at a salary cost of $2,750,000. The cost
of travel, per diem, tuition, materials, etc., for physical
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Cistribution training was approximately $500,000.
Administrative costs were small.

This evaluation concentrates on the time spent on training
and its effect on worker quality, timeliness, and
productivity. Has the CBC program worked? To find out I
analyzed the program at all seven supply centers. The basic
-uestion is whether the amount of training is related to supply
center performance as measured by management indicators. If
training changed performance, then the change must show up in
performance and productivity indicators.

Although assessing the effectiveness of training is the
main objective, I also evaluated the relative efficiency of the
two training programs.

The primary hypothesis is that there is a strong, or at
least moderate, statistical relationship between training and
pertormance. A secondary hypothesis suggests that the

* . relationships between quality, timeliness and productivity can

be explained or depicted in a logical and statistically
*% significant way.

Variables Used

I conducted a time series analysis looking for inter-
relationships between nine variables: quaiity, timeliness, both
quality and timeliness (Q & T), work unit productivity, receipt
and issie productivity, overtime, each type of CBC training,
and a combination of all training. The quality variable
measures how accurately warehouse workers perform their jobs.
The timeliness variable measures how quickly workers process

.. materials. The Q & T variable measures both accuracy and speed
of worker performance. Two variables measure worker
productivity and one measures overtime.

I used four types of analysis: first looking for a
statistically significant change in performance; second

evaluating the change by comparing the seven supply centers;
-Ind linear and multiple regression analysis for each supply

center.'p

How I Computed the Variables

Three variables measure the accuracy and speed of warehouse
worker performance. The means of five indicators make up the
quality variable for worker performance. The means of six
indicators make up the timeliness variable for worker
performance. The composite mean for all eleven indicators

W makes up the Q & T variable. I took work unit and manhour
statistics from official documents.

Threats to Internal Validity

Several factors threaten the internal validity of the
analysis. Norfolk changed its receipt and issue testing
procedures to stop counting previously recorded errors. NAVSUP
program managers caught two supply centers fudging results.
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Cheating may be widespread. Some data is missing. But,
*overall, the data used appears adequate.

Changes in procedures, policies, and equipmpnt take place
constantly at each supply center. The use of seven supply
centers as comparison groups helped in isolating the probable
cause of changes.

The turnover rate varies at each supply center and this
undoubtedly influences performance. Unfortunately NAVSUP does
not keep turnover rates by department or type of work.

Small Sample T Test

I used a standard small sample t test to evaluate the
change in performance before and after training for the six
non-training variables. The null hypothesis is that the
difference between the means before and after training is due
to chance. The alternative hypothesis is that a significant
change took place. On the basis of a one-tailed test at the
.01 level of significance, I would reject the null hypothesis
if a t were greater than t.99, which for 12+9-2 = 19 degrees of
freedom is 2.539. On the basis of a one-tailed test at a .05
level of significance, I would reject the null hypothesis if t
were greater than t.95, which for 19 degrees of freedom is

* 1.729.
Overall, there is a significant difference between the

means before and after training. I therefore rejected the null
hypothesis. I evaluated the total change in performance for

each supply centez and conducted linear and multiple regression
analysis to see if the change is related to training.

Cumulative Change in Performance

I computed the cumulative change in performance since the
- CBC program began for each supply center and then used linear

regression analysis with the change in performance as the
dependent variable and training as the independer.t variable. A
minimum of F=6.61 is required for a confidence interval of
95%. F Test results have five degrees of freedom.

The correlation coefficients between CBC training and
changes in performance are very low. CBC training did not come
close to passing the F test for any performance indicator. The
hypothesis requires that the more training, the greater the
improvement in performance. The null hypothesis maintains that
training and changes in performance are unrelated. This
analysis fails to reject the null hypothesis for CBC training.

Fhysical distribution training shows a much stronger
corrrlation with chanqes in performance than CBC training
does. However, the only relationship with training that is
statistically significant at the 95% probability level is
receipt ana issue productivity. Overall, the combination of
CBC and physical distribution training shows a stronger
correlation than either of the two alone, especially for
timeliness and Q & T.
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There is a statistically significant inverse relationship
bptween overtime and quality. Even the corrected coeficient of
determinatio, is an impressive .79. The T test result is -4.8

giving it a probaoility of less than .005 that the result is
due to chance.

. Overtime appears to be more directly correlated with
performance than training. As the amount of overtime declines
the quality of performance improves. Inversely, as the amount
of overtime increases quality declines. The reiationship
between overtime and timeliness is mixed.

Linear Regression for Each Supply Center

I condicted linear regression analyses and obtained the

following results.
Jacksonville's, Norfolk's and Oakland's F test scores for

CBC's correlation witi. receipt and issue productivity exceed
the 5.59 required for i probability of 95i. No other CBC

crrelation is sig. fT ~here may be a causal relationship
between changes in productivity and CBC training, that is, the
more training, the better the performance for Jacksonville,
Norfolk, and Oakland but not for Charleston, Pearl Harbor,
P-let Sound, or San Diego.

Puqet Sound shows a significant correlation between
physical distribution training and quality. Jacksonville shows
a significant relationship between physical distribution

training and receipt and issue productivity.
akland shows a strong correlaticn with work unit

productivity and Puget Sound snows a strong correlation with
quality. Overall there was a slight improvement with CBC
training removed except at Norfolk which shows a slight decline.

Overtime shows the strongest correlations with

performance. Norfolk's overtime is related to timeliness,
receipt and issue productivity, and work unit productivity with
a probability of error of less than .05%. By far the strongest
relationship (a probability of 99%) is at San Diego for
timeliness, and Q & T.

General Trends

General trends are mixed. Overtime shows an overall
r eative correlation with performance but a mixed negative and
positive correlation with productivity. Overtime work hours,
result in higher production but overtime also increases the
overall number of hours required to do a job and results in
.o~er productivity when the relative portion produced during
overtime fails below tn relative portion produced during
regular work time.

Both productivity s-.ures show a mixed neqative ana
positive correlation wits all performance indicators and a
positive correlation witri ti;r- iness indicators. Work unit
prodictivity also shows a positive relationship in this area.
CB- and physic3l distribution training show a weak overall
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invcrse relationship witn pro~-uctivit;, qjality, and ti-eliness.

M ul'.tiple Reuression

I coriiicted 57 millt-iole recressio. analyses for each supply
oerntr. Mixcd r-suits 7 a~e intc-r;-rt-tat ion dif ficult but do

Tne d3epende-nt varianies were aaal-,ty, timeliness, Q & T,
an4 th,,7 two ireasures of oro ictivitv,. The stronqest
-'orr '-tiin over!all exists 1:etween overtim'e and trainina as

vc~:'e ; ', u'nrformanc C rr-sires as Uhe aependent
var~b~s.Produlctiv 't (or tiie amount of work done) when used

~ ~nin ~.~nentvariat'le, is neg~atively correlated with
c~ialitv and posir-,vely corr.elated with timvliness, and Q & T.
~ra~inci is positivoEiv correlated with pcfo L ce exceot at

Qa~l:~: l-ere tne relationship Is regative for all training and
~wtSound wh-ere the relationship is raq-mtive for CBC training.

Cv.rt~e r~~sa stronq inverse relationship to performance
i r-- )r in tn- ca of aualit- this makes sense. I t

sjouuea ts the r-ore hours people work the .iore mistakes they

It ir nt clear why tiv'el.nes: ard prcductivity have

'~s' ratiruno~with '1vrt:,me. Nrxt to overtime, allI
-correlatio- wit,, Iariois dependent

rIE is Tr f41-, Lt, v, trAcir. C-i the r CBC o r
t t. r : A 1:"c 1r nu C] AC C R'C7 nv'--L -,e

i~ p- - z. rrcLI- wi1th~ pL ou;ram adr ini1s t rat ion.
r~ss '''tra nin- was plr~ ~anned an(, executed and

aff~:t'~ rr~r'~'~. T~ ~r~ecevt'dto CBC
St: c Lu z' !t r me orj nce a n-u p rod c ti v ity.

t ~ t~;rt I r'fIen e is on productivity. Four
~ r ir-; uion, n(i :l~x combined traininq t

x:." t~e ~i'ev.- oi s ip-i f ~cnewh-n u ed to test
I - l , ri n tO'C r t v . r.'o 0 Ijd 1i Uoral CBC, one

ti.'tion, &~Ione cC4-t2 irF%6 tezst were negative at

urit p.r r*t~Ur ro.iuctivity and timeliness.
i 7iv ri -ilr i1 uoh v ccr rr. I at -r w it h t i : 4Ii n es. Puqet

-, r,4 to ot~ ~sroni phy,-ical distrit.ution training
r ; a:.I- C (7Jld b u- nsb for improvemients in

:i~'Ot he -r t,:,an !P.3let Shunmd , a nti d iscount ing Oakland 's
'r' r 'a t -,: r1i p, t h,, rI s not a siqnificant correlation

t4,t ra .n inq rfd q ua 1it y o r -im'-l ness of pertorm ance for

ptJt r I tn r~X oA t iv i ty is i n' -~I; rc Ia t ed t o q oaIi ty
m~v-rA iL'r-~ r c.Ita t Lo w- r K unit productivity.

(4 :'sir) i f mcan t r~i -fo Jaeksorivill> is bet-ween
p ru: mm 1 pIoIQI ic't V Nrt~o I K show,~ 3nl inverse

. %, 1 M 1) r' Iv': ('d tv ' an- 11e m t' y ad a 1) 0s t v e
~ Iei> *-~ '~l (~r ir a an s' f *&. t'iiC training is

3 r~ - t di to I V i ty -n



: Sd's t,e relationship bctwe,.-n training and performance
13 gen.rral y neqative, especially for CBC training. Overtime

' -itivei: related to aualitv. Experienced workers receive
,',' rZ,. and tney make fewer mistakes than the overall
* t:rce. Oakland's workload decllned slightly over the last

S.v, years.
. ar : oj r s overtime i inver se1,; 1e ated to

p :¢. ::vitt. Worrers may oe less efficient when working
... d-, not prod ce as s.cn as, t,,e',, would nave in a
e. period durIng normal worrnq hours. Nothiing else is

*- n . c, 2.earl Har:nor.
........t Snd CbC trainiln no-,atIvelv 1iT, acted quality ano

. ' ..,-. P:,v'sical.aistri-ution training positively impacted
it" a.( Droductivity. Productivit, is correlated with

-, [ir.:.s, nnd Q & T. The inverse correlation between
" -i tim-liness, anc Q & Ti vtry strong.
1a-. ciego is the only suApply center that does not show some

S""r nnt ,thip with either measure of productivity as a

Su mr a r'v

. rr e mise ol CBC is that trainina will Irmprove work
::-~ , timeiness, ano proJdctivitv. Proper training
~:-a'~:,: wcrk~r s :;illc and attitudes, resulting in a more

:rae on-tihe-job behavior, resulting in improved accuracy,
,.liness and productivity. The analysis shows that a

:&" -tcally siki-ficant cha.je in performance occured, but
, r , aoly not caused by CBC training. At Puget Sound
1, 1 o strilbutjon training appears to have contributed to

.. 1~r; forrwent 4n performance and productivity.
':. analysis presented in this paper does support some

tr nds. Overall:
1. C'$C training may not be related to performance;
2. hvsical distribution trai-ning is positively r lated to

,T & , and rtceipt and issui productivity;
3. overtime is inversely related to quality.

Ri~~ilts differ for each supply center but nowhere does
tr i:-tinn appear to have signifhcantly impacted warehouse worker
, r mi , nce.

A JacksoivilIl phys~cai distribu, ion training and CBC may
. lateod to productiv1ty. But, , acksonville's workload
, -- w~hil thcr number of workers renu ned the same

rJt~n1i )n an increased output per worker.
A: Norfolk CRC may be positively related to productivity.

's wcrkload declined while the number of workers
Ix. 'ir .' :tal,lo rpQulting in an increase In productivity per
We IK( r.

At Oasland t!iaininq is npqatively related to all
%rr n'e arnd overtime may b) positively related to quality.
-.- I,, ,rt,.r and Charleston .,how no relationships at all with
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C)ii s ioe1 office rs are asked Lo rkespond,, 1) thre!e qkuest ions in qd'i Lt Lon

t .il ) ~ dra.,,t ionl tle Ir -ned i ca:l or do'ntal 1Spec i A Ity and tie type and
I 't iu of t'i fac iit i tv LO wh ich they -i r,! p)r!,eet If aIss i-ned - Quest ions for

c)- -i i -; s i )neAl of f ioers; are- is foll Iows:
0 "Sholiib the t.ochni, tan pterFori thks L1,:1?
* V V, how well were techni" -ins preparo.] to nerforn th is t isk prior

L ) jo') cOtI ry?" [ Restponses; ar.! nadet for ext rerely low (preparaL iof
I ovo' I to etremely hizh (preparat ion level) on a sciLe ranging from

* "At wh it I.,vol is triii -ng cme~ol-ai aia o only -)r

F 0r tOle 11,! 1110iest iOn, Ohe Coil OWing e Xpi-anIttion .3 pr)vlied ('4ODAC, 1982):
ini ii i r i ,a t io n mexi q i a f o rin t i01 s hori 1i b, !)ro v ided( onT bas ic f ac ts

9 -1 nI -)Tho r )u gh Knoiw le(Igo me. in s t ri i -1 in,; s) ou I.I be p)r o v id ed( wh i ch
1,10,, f i ii I i i r i. .. it t oni, but ,oes faurthe r %vith 1 ac t a I or -, LinuIl. itd hands -on

1) i Li "0 or in-depth knowledgo requi ring ji0~~o r-pi ctino hoy
Res) ~c,,)er, the enl isted personnel provide, by total and by SUbgrOups,

theill, n i; of techaic tas perforing e ichl task and data f romn whitch a
i i I Lv indt- can be derived. T)at i from the commi ssioned officers

b;L,)r,11 anld by -;uberoukps;
Il er,-ent a;e -ve repneswh 1iv ta';k should or should niot be

9Inforiio Fr )r whic h a ja-ik efC te c indpi-d can be deo oiy or

0w uit .Vlto'u wh on t s at s ir.I liarns dat proprid by Nor

1' 1 ., W i* U)iL !\ t i ii is~o 'in r-pn, 'e peir, ic rerid byi0DA
t, *. I i jun jr- jui d r i 'db. I 1'('ue h e l( r u i. spj I'll r s l ow

r m ;' . 111j 1 I I isif ';el lt a I r ;% ner 1n~
W I I;) ' ? i i 1 1 .1 hi ii ir 'i p i t o Cr Cr tt ( e r a ;r

Ii im uu ' e r ,, it r i. W e 'o 'i hC vi of h ij ', or 'i' low i
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or revisi-on (leter-nine the type of Curriculum revision mandated by ICCR{ rhree
types of rev -Lons have been identified as foLlows (CNE[, 1981):

*Tvie A--Changes; in course length, objectives, and subject matter to
S'Ichian etn that logistic support, personnelI allocations, funds,
iid the like are Affected. Require project plans and IISPTC approval.

e Type B--'odifications within thle established structure of the course,
including major rescheduling of topics, time, or revision of
instriictional procedures. Requir a Pli of Action and Milestones
ddwv L) ped i n con junc titon w ithI the f ormalI s choolI( s)

Typ C-',iao chngs sichascorrection of clerical Errors; insertion
of ttle orJesynaton offilms, publications, and equipment; minor
a~jistent; ri imealocaion;and addition of learning activities.

Require IISI-fC executive correspondence setting forth minor course
chan,,e3 and tentative completion dates.

R :VlS[')N PLANNING DOCUMEINTC

C-ooperiively, the formal schools -ind )ISETC deter-mine the resource con-
~,L~ioCitat w7lt affect effective and timely completion of thle curriculum

r,.visioni. The type of revision (A, B, or C), thle number and experience level
of nstictrsfor the program under review, wh1etlier the prog'ram is offered at

i sigle r iiultiplte training site(s) and the type and number of curriculumi
lppoCL 2er~zoannl at the traixaing site(s), and the number of programs inl the

v irioris -iLityes of CCR process help determine rcesource constralits. This deter-
ni nit ionl af Fects the level of responsibi lity ass igned to the formal school(s)
or lS'Issumcd iwy iis[r, for the design andI development phasres. ISETC education
si),cialists and -;chool personnel 2srtinate complet ion dates for t'hese two phases.

\t the des;ign phase, which is actually a redesign of the curriculum, ;ISE'rC
i thie schlools; coos Hier task learning dliff iculty and training effectiveness

dti riutigFrom the analysis phase. The course review conducted prior to
i Ls phv~ rovidJes a list of learning objectives to be deleted froin the course

lfl- ist of learning objectives to be revised. Also provided is a list of
sl-ect-d tliss to be added to the course. After deletin, learni rig objectives
niot supp)1orLive of tasks selected for training, the formal schools, with
lasistince from HSI-MC develop newly required objectives. This process includes

* revI,;Tng e~is-tig learning objectives, where Appropriate, or writing new
teiiiirog object ives for selected task',,s not currently provided for in the cur-
riciiliin. Stadent assessment procedures are developed for all new or revised

to ~i r i ig ob jec t ives.- Both performance checklists and criterion-referenced test
items -ir-? creitedr or redesigYned for evaluation of students. Finally, the
sequence ind structure of the et ire- Curriculum are determined. These are
L.ontitive deoisi;ons on the time required for training students to master the

t s~ sl ct(Ifor traiaing and the point or pla. Iteraigpora
where eachi loarai ng objective will occur. Necessary adjustments in sequence and
st rictire, may fol low a pilot phase of the revised curriculum.

3~y rev; eoiag appropri ito previously used training materials and thfe revised
(cr icIltim out line, the formal schools with [IS[ETGr( ass istance:

* pecify learxing strategies.
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* C.-Lrtilate resuuirce requirements of t ime, manpower, and cost to imple-
nentr.~islnsand request resourc-e approval from ig-her authority

if Type A revision is required.
9Review existing materials.
9Develop revised instruction.

e Validate revised instruction.
s a result, program directors and inistruictors of the training program

undor review will have revised lesson topic guides and support ing materials
avaiLible for Students. These documents will be Used in the pilot phase to
valilatp instruction. A validation report is then Submitted by the formal
s3chools; -'u a course approval lett.er is provided by JISETC. If subsequent
017i )ons or chain-'es -ire deemed necessary, higher ak-thority act ion on a requ.'st

for resource allocation is obtained.

I'l 1LFEMENT/C;ONTROL PHIASE'-S

rho final two phases are2 combied to implement the revisions and evaluate
tie r~vie~l cuirriciilum-. The formal schools conduct the training of students,
Usti- iiv adjustment,; to the curriculum found necessary during the pilot or
vailii-ition phases of instruction, while 1ISETC monitors the outcome. The

.ll uit ioq or control phase strategy uses a course evaluation plan with course
r~vLew check lists. All FVIaLuntiVe data are analyzed and necessary changes -ire
id-ntriFieli. If chang-es are requir-d as a result of the evaluation summary
re~port , the schools submi t to iisirc -a request to approve minor curriculum

(2 1 e 1 At1 this po ,tefrt cycle of the curricuilum review is completed.

Subst--uent .:,yclks will occur but will require far less time because of the
1401' ucCOr'piish~eri dur ing the first cycle. Specifically, tasks lists requiring
)III -Iijoor re2visio.ns will be available. Learning objectives wi'l be task based,
IIl oiil! iw objeoctves necessary to support additional tasks selected for
for 111l ;chIool tra i,,ing, during subsequentL cycles wilt need to be developed.
Furiuer, the Ongo~lag fvalUltion plan and aI minor curricuilum changes procedure
will keop eac h courric'ilum iip-to-dat, . Finally, after the initial cycle, less
'Tcit it-al ;pe)iaclty courses may be scheduled for a CCR on alternate cycles rather

SUMMP-ARYI
The Cyclica;l Curricuillm Review procediire is based on a systems approach to

r itr r Lcmlv, -i (IQVC 0lTomnt. It Uses suibject matter as well as; process experts to
sel'ILasi,,; [or t ra!, ing basad on st ate-of-tlie-art conte-nt that will produce
hi hI' .oinet~ntned ital and dental technicians. Through the CCR process, theI

ofe FIc i v, ies~ of these ,chnicoians ii mieoting the needs of the Navy is en. ired.

1. oLtesrvin, A.M. (1981, %pril) . "Instruct ional Syst emts Development."
Journal of Syst -Ins Management, 6-9.

2. Navy Occupational Development ati( Analysis Center (1982, May).
N-ivyOccupat ional Task Analysis Program. Washington, O.C. : Navy
MiI tary Persionnel Command.

3. Ch ief of Naval I 1lucat Lori and Tra ini ng (1981, Septembe r). Procedures
for Inst ruct inal. Systems__Development. Pensacola, FL: Naval1
-duomt ion an.I Trinini; Command.
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Computer Aversion as a Source of Bias in Computerized Testing

Jo Anna Wood and Gordon F. Pitz
Southern Illinois University, Carbondale

Tests, conventional and computerized, are a pervasive aspect of our lives.
They are used as part of placement and selection procedures for employment,

trairrmng and educational opportunities. In all these instances, test scores are used
Lo cil fy rndividuals on the basis of ability or aptitude, as measured by the test.
Vhen the testing procedure itself interferes with the measurement of relevant
phenomena in a non-random way, that procedure will discriminate against certain
test-takers, by incorporating an irrelevant attribute into the classification process.

A growing body of literature (e.g., Lawton & Gerschner, 1982; Naiman, 1982;
Nicktrson, 1981) suggests that a person's beliefs and attitudes about human-
computer interactions will affect that person's ability to interact with a computer.
The term computer aversion has been adopted by Meier (1984) to refer to such
negative oehefs and attitudes. Computer aversion can hamper one's performance on
computerized tasks such as data input, word-processing, or using databases. It
seems likely that csmilar effects would be found when the task is a computerized

test.

Tne research presented in this paper is an attempt to address systematically

some shortcomings of published findings on computerized testing and computer
aversion, as well to provide some validity data for a measure of computer aversion.
Tbe hypotheses to be tested concerned two dependent variables, state anxiety and
test performance (number of errors). It was expected that computer aversion would
negatively bias the results obtained in computerized testing. Further bias was
expected when the testing program was "unfriendly" or difficult to use. In
addition, this research was designed to determine whether computer aversion is
different from two possibly related concepts, test anxiety and trait anxiety.

Methods

Subjects

Subjects (N=92) were recruited from non-college student adult populations in
.the Alton and Carbondae, Illinois areas. Subjects were recruited from populations of

hospital in the two areas. Only English-speaking subjects were recruited to avoid
confounding test results with language abilities.

Tests and other measures

Verbal and math questions were selected from published SAT tests (College

Entrance Examination Board, 1983). Two tests were constructed, each composed of
two math and three verbal subtests. The tests used a multiple choice format, and
were tumed. Each test was developed for both paper-and-pencil and computer
administration.

Meier (personal communication, January 5, 1985) has developed a
- questionnaire to measure computer aversion among clinical psychologists (Computer

Attitudes Scale). Tis scale was modified for use with health care personnel for
use in the present study. Trie State-Trait Anxiety Inventory was used to obtain
ireasures indicative of participanto' lcv(ls of anxiety during testing ( state anxiety),
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as well as to obtain a measure of general (trait) anxiety. The Achievement Anxiety
lest (A4prt & Haioer, 1960) was designed to measure subjects' perceptions of the
exttnt to wnich anxiety is either facilitating or debilitating of test performance.

Coi.puterized test administration and scoring were handled by computer
progrcms written in Pascal and developed for this purpose. Computerized tests
were administered on a 16-bit IBM-PC compatible machine.

Procedures

Suouects were randomly assigned to either a friendly or unfriendly program
condition. Total allotted time was the same for both conditions. The unfriendly
progran, forced subects to work through each item at a fixed pace and required
co.mpjex responses. These demands were expected to cause many errors. The
fritndly progran. allowed subjects to allocate their own time within each subtest,
ano used i:mple response procedures. Subjects were further randomly assigned to
receive eitner tne paper-and-pencil or computerized test first. Versions of the
ctuihties tests weic randomly assigned as either paper-and-pencil or computerized
admuimntration for each subject. Random assignment was handled through a
computer prog3ram, wiLh the oly restriction being an equal number of subjects in all
conditions.

Results

Analy-i s of Covariance (ANCOVA) was used to test the effects of program
L;lndJi)eu, and tesL mode (Le., computerized vs paper and pencil) on performance
and state anxiety while controlling for the effects of computer aversion. An
additional factor, oraer, was included to determine if the dependent measures were
infauencted by the order Lin which the test modes were used.

For verbal performance the significant effects of interest are interactions of
Prograir (friendly vs. unfriendly) by Mode (computer vs. paper) (F (1,84) = 8.69,
ip,.0U4), and order (computer first vs paper first) by Computer Aversion by Mode (F
(1,84) = 5.65, p,. 0 2 0). The former effect was also significant in the analysis of
overal performance. The latter was not; overall performance included scores on
-,atr subtests that probably represented mostly random error.

Tihe two-way interaction of program by mode is shown in Table 1. 3oth forms
of tue coiputer programs induced poorer performance than did the paper and pencil
tests, but the effect was greater for the "unfriendly" version.

li.it. signyiicAnt three-way interaction indicates that one or more of the cells
i t, ucsin matrix ulffered from others in terms of the relationship between
-~o: t~.r uv'o ]uio and performance. Separate regressions of performance on
o., ,u'o., avsLu4r were calculated for each cell. As shown in Table 2, computer
-vt.rnr~, ~wc~I~:2iificantly and positively related to performance on computerized

-- " w.n'-r t:io.e t.ests preceded the paper and pencil tests. Computer
j vrs-tor ,i, not rlated to performance on paper tests.
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computerized test. 82% of the low computer aver-ive, but only 25% of the high
CO!LPuter av -. ves, 11dQ score2s at or above the yrand median.ITne last con.mparlon is most intOresting because the "friendly" computer test
most closely approximates computerizd testing procedures that would be used in
selection and clasroom testing applications. Altnough it has less overall effect on
performance, this test appeared to be more biased than the "unfriendly" version.
insofar as this experiment represents computerized testing for selection purposes, it
appears t-nat computerized tests have a built-in bias against computer aversives.

if the results of the present study are indicative of what occurs in other
computerized testing applications, then one of two things may occur. First,
Computer Aversion may be related both to computerized test perfcrmance and to

performance on some crurion measure (e.g., job performance, success in college).
In this case, using computerized tests should result in more accurate predictions of
the criterion, In the second scena,io, Computer Aversion is related to
computerized test performance, but not to performance on the criterion measure. If
this is true, then Computer Aversion acts as a moderator variable; that is, it
aftects the relatonship between computerized test performance and performance on
the criterion, and does so differently for various groups of subjects.
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Table 1

Celli means and Standard Deviations for Math and Verbal Errors

Friendly Unfriendly
Program Program

COMPUTEP TEST Mean S.D. Mean S.D.

Coi:,,uter First Math 14.48 (2.89) 16.74 (2.30)
Verbal 14.43 (5.04) 16.26 (6.80)

Pater First Math 15.13 (3.68) 16.26 (2.65)
Verbal 12.87 (4.59) 19.22 (5.48)

PAPER TEST

Compute, First Math 13.17 (3.76) 13.78 (4.06)
Verbal 12.43 (5.67) 12.04 (6.67)

Paper First 1 Math 14.48 (4.24) 14.48 (4.24)
Verbal 13.83 (6.40) 13.83 (7.69)

Cell means for these two conditions were calculated as a singlevroup, since the two conditions were equivalent.

'Table 2

Reyression Coefficients for Verbal Errors on Computer Aversion

Friendly Unfriendly

b beta b beta

COMPUTER TEST

Comiiputer First .31 .49* .52 .54*

Paper First .08 .09 .08 .15

PAPER TEST

Computer First .20 .29 .17 .18

Paper First 1  .17 .21 .17 .21

NOTES: (1) Starred items are significant at p<.01.
(2) b's are raw regression coefficients, while Beta's are

standardized regression coefficients.

Tnese two groups were treated as single cell for regression

174



.... t ..... zt- t...i. 8 of t e low c :..buter d'r ' , bit ory 25% of the high
* C< .: '2r'¢ V;' :U''' t;a a" : " bovc_ w&. grn <eu-n

S"e >s. ,co. ±rL-fn 1s mns,;t interestan j because the "frienly" computer testS: ost -y apprc ximates coi.,pu-enzd testing procedures that would be used in

"i-... !. an' cla ,zzoo-. tt.u-lnq applications. Altn, :on i has le-s3 overall effect on
ptrf.,::ance, tas te.t au: eared to be more oiaso*d than the "urfriendly" version.

;u;)fcir as t-Is ex r-nt ropi e.nt. compaterized teSting for selection purposes, it
otj d-2 t2;Idt COrpx.dorized t*-5t have a uullt-Ln bias against computer aversives.

1 tne resali of the pre scnt study are indicative of what. occurs in other
cor putenzed testing apphcdtions, then one of two things may occur. First,
Computer Aversion may be related both to computerized test perforirance and to
i rformance on so.,L cnt rion measure ke.g., job performance, success in college).
In this case, usang compoterizeo ' . ts should result in more accurate predictions of
the criterion. In tne second scenario, Computer Aversion is related to
computerized test performance, but not to pefrorirance on the criterion measure. If
this is true, then Computer Aversion acts as a moderator variable; that is, it
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Or:entation, surrogate travel. and gender differences
in videogame strategy

Sharon TKacz
Army Research Institute

Rc.e,trch has shown that individuals vary in their ability to
process and use spatial information (Kosslyn. Brunn, Cave. &
Wllach. 1983) They a.lso differ in the frame of reference they
uze to farm memory representations of space (Sholl & Egeth,
1980) Some use an egocentric system (e.g.. right or left)
whereas others use a topographic slstem (e.g.. north or south).
Developmental studies (Pick & Reiser, 1982) have suggested that
individu,.Is adopt the topographic, more sophisticated system as
they mature.

Piaget has suggested that physical movement through the
environment is how spatial reasoning skills are acquired. Goldin
and Thcrndvke (1981) support Piaget's arguments, demonstrating
that navigation through space provides a unique kind of spatial
knowledgc. proccdural knowledge, that cannot be acquired simply
by reading maps.

The fact that movement le-ads to procedural knowledge
acquisition has been applied to navigation training. Cohen
(1980) has shown that the information derived from actual travel
can hc approximated by surrogate travel. In some cases,
simulated movement May be even more effective as a training aid
than actual navigation: if only relevant information is
presented, irrelevant information cannot be distracting.

Much research (Wittig & Petersen, 1979) has demonstrated
gender differences in spatial information processing, including
the relationship of cognitive variables to sex-role identity.
Since provious research has shown that individuals tend to
conform to sex-role expectations. and expertise in computers and
videogamus is considered masculine, it is reasonable to predict
that females may not perform as well as males. Whether lower
female performance is due to a lack of cognitive ability or
adherence to sex--role expectations has not been established.

The research described below investigated navigation through
an artificial environment created by a microcomputer. The game
required players to use a topographic reference system to
indicatc d rect ion<S. In addition to dependent measures derived
from thc ideog,tme. conitive components assumed to underly game
1'0rfor, r1"1C w(Arc assessed Cognitive componcnts were also

C:, i.ndt .o f f em- Ie s and males differ in the basic

cont v, kill icu- xi rea by the game

Method

(:'j hnc. i and ni ncty underpratduate ; '',,rved as
, t 1-1' L, t Tlr v w.',e admini toi ed sevc "al p .%.y' a" . i te-ts,

I I p1tv,. d I eI I . of e idht v idcoy ,',.c rcqu 1) ]ng tfh n, tc, e scape
I a 5 x x cu b: 1ac. P!-Lyers moved from cno room to the
next thV,' h l r s 1:; the floors, a11, arnd ceilings by

tviX.. .. . e * 'v' 'iiU ,  or 'd" for north, solih, cast,
4• w .t ,o' ,I t",(-, dI t: Two type:-,., of" In f oim. t t I n ,ava, ]ah1e
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were current Position (P) and location of the escape room or Goal
(G). each defined by x. y, z coordinates Combinations of these
two types of information formed the four INFORMATION CONDITIONS:
PC. P. G. or Q

In the PG condition, information on both the player's
Position (P) and the Goal (G) was provided continuously on the
screen. Subjects in the P or G condition had only one kind of, .''informatioen availfable. Those in the condition had no

informatiun displayed but were permitted to request both P and G
A- coordinates. All participants played four PG games, in order to

familiarize them with the game and the keyboard, and then feur
more g3.mes, in one of the four INFORMATION CONDITIONS.

Results and Discussion

Males showed superior spatial performance. (Table 1 shows
means for all psychometric tests.) There were no gender
difierences on vocabulary or reasoning tests. These data
indicate that males and females differ significantly in the
skills they bring to the experiment that were expected to underly
game performance.

Table I. Gender differences in psychometric measures.

Variable Female Mean Male Mean t P

Abstract Orientation 101 113 3.4 .001
Map Orientation 8.5 10.2 2.7 .01
Figural Reasoning 22.6 22.4 .2 $

Mental Rotation 25.6 27.7 2.2 .05
Vocabulary 55.3 55.2 0

Game performance was described by ten dependent variables
derived from individual key presses for each game. SCORE
indicates the total time to complete one game. RESPONSE TIME
indicates mean time between any two keypresses. Similarly,
STATIONARY TIME indicates mean time spent in a room. EFFICIENCY

. is a ratio of the minimum distance to actual distance between
starting Position and Gozil room. REORIENTATION is the rate (thc
number of times per minute) that players changed the direction
they were facing SURFACE RATE is a neasure of time spent in
surface rooms of the cube. Similarly, INTERIOR RATE is a me-asure
of time spent in interior rooms. VISIBLE CRASH indicates how
many times a player tried to go through a wall (visible on the
screen) that did not have a door. Similarly, REAR CRASH
indicites how many times a player tried to go through the wall
beh:rd them (not visible on tho screen). Lastly. ERROR KEY is a
measure of illegitimate key pi-esses

An ,naysis of vtiiance wvLs performed on the ten dependent
me .rc vi th two bctween-subj, cts variables (INFORMATION
CONDITION. C and GENDER, ( and or, within-subjects variable
(PRACTTIE. r) SCOPE ,and REORIENTA'IION were the only dependent
i.C :, . x''e.% for wb -h ,any (::NI)EP (G) off ,'t w--., obtailned (soc Table
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Table 2. Analyses of variance on ten videogame measures.

Dependent Source of
measure variation F p

Score C 76.3 .001
G 11.6 .001

P 15.3 .001

CP 3.0 .001
GP 2.9 .05

Response P 55.3 .001

time

Stationary C 18.) .001

x.ime P 30.0 .001

CP 3.7 .001

Efficiency C 64.8 .001
P 2.9 .05

Reorientation G 7.1 .01

Surface C 6.7 .001

rate P 40.9 .001

CP 2.7 .01

Interior C 27.2 .001

rate CP 1.9 .05

Visible C 11.6 .001

crash P 9.6 .001
G 4.1 .05

Rear C 51.3 .001

crash P 8.5 .001
CP 5.1 .001

Error C 9.2 .001

key P 3.8 .01
CP 2.5 .01

2). Although almost all mea urci improved with PRACTICE (P), the

GENDER x PRACTICE interaction (GP) was significant only for

SCORE, suggesting that, while their initial scores may be lower,

females may show greater imlrovement. The effect of INFORMATION

CONDITION (C) was significant for all variables except RESPONSE

TIME and REORIENTATION, indicating that the rate of key pressing

and the rate of turning is independent of the amount and type of

information available. Finally, a PRACTICE ' INFORMATION

CONDITION interaction (CP) was obtained for several measures;

SCORE. STATIONARY TIME, SbRFACE RATE, INTERIOR RATE, REAR CRASH,

and ERROR KEY. The fact that thiu interaction vas not obtainpd

fOl al i dopnden t w I niates that improvement ii
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perfoinmancc is not simply a function of repeated practice. These
game-derived performance measures may be indices of individual
differences in information-processing capacity, and not subject
to practice effects.

Means for these dependent measures are shown in Table 3.
Here. SCORE and REAR CRASH were the only variables for which any
gender difference was obtained, in only two INFORMATION

CONDIT-D'NS (G and Q). These results suggest performance is very
.4 similar for males and females.

Table 3. Results of t-tests on videogame measures.

INFORMATION Female Male
Vari1ab; r CONDITION M ean Mean tp

VScore PG 82 61 1.197
Q 142 99 1.656
G 414 247 3.073 .01
P 639 ____507 1.493*

Response PG4.4 4.0 .608
time Q 3.8 3.7 .182

G 3.5 3.8 .651
P 3.7 3.3 .987

Stationdry PdG 5.5 5. 1_ .45'
time Q 9.8 8.8 .618

G 4.7 4.8 .170
P 524.6 1 .075

Efficiency PG .60 .59 .212
Q .56 .63 1.246
G .21 .21 0*
p .11 .11 0

Reorientation PG.07 116 1.726
Q .09 .47 1.212*
G .10 .31 1.243*
P .09 .20 .808*

Surface PG 8.28 8.52 .213
rate Q 5.95 5.42 .581*

C 6.45 6.90 .623
P 7.07 8.83 1.872 _

Interior PG 3.59 3.68 .127*
rate Q 1.65 2.26 1.954*

G 1.33 1.72 1.047
P 1.01 __1.05 .119*

Visible PG 1.72 1.49 .572*
crash' Q .85 .88 .103

G 3.84 2.38 1 .692
P 3.02 __ 2.0 1.530

Rear PG .69- .110 .037*
o ra-, b, .48 .21 2.808 .01

G 1,36 1 28 .293
P 2.38 2.47 __.2

Eriror PG .11 .20 .976*
key Q .40 .52 .661*

G .08 .12 .679
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i,%ta in Table 2 also indicate that performance varies across
INFORMATION CONDITION (C) for every variable except RESPONSE
TIME, suggesting that different strategies are employed in
different INFORMATION CONDITIONS. Rather than indicating
different difficulty levels of the same game, INFORMATION
CONDITIONS may be qualitatively different games, from a
problem-solving perspective. That is, a task that involves
finding a goal without knowledge of your own position may not
have much in common with a situation where your position is
known.

This interpretation is supported by results of stepwise
multiple regression analyses. SCORE was predicted from the
psychometric measures, shown in Table 1, for males and females
separately, and for males and females combined, for each
INFORMATION CONDITION. Table 4 shows amount of variance in SCORE
accourted for by the best combination of two psychometric
predictors. The different INFORMATION CONDITIONS have different
psychometric predictors, suggesting differences in cognitive
components.

In contrast to the absence of gender differences in Table 3,
data in TAble 4 indicate that components of performance differ
for females and males. This difference is particulary clear for
condition Q. Cognitive correlates of female performance are
vocabulary and reasoning, neither of which are spatial measures.
Conversely, the best predictors ef male performance are mentalrotation and abstract orientation. Taken together with the data

. in Table 1. these results suggest that individuals may develop
strategies that depend on their own skills, rather than
strategies that are task dependent.

Table 4. Multiple regression analyses: predicting SCORE
from psychometric measures.

INFORMATION
CONDITION Predictors R-SQUARED

PG females reasoning, vocabulary .453
males reasoning, abstract orientation .556
both reasoning, vocabulary .360

females map & abstract orientation .174
. I.les map & abstract orientation .320
both map abstract orientation .211

G females map U abstract orientation .254
males ma. & abstract orientation .177
both map oicntation, reasoning .186

Q females ro, ,on1 n ,. vocabulary .206, "males Thtract oricqtation, mental rotation .409

both Itl p orientation, mental rotation . 177

!8!
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Summary & Conclusions

Differences in INFORMATION CONDITIONS demonstrate that this
variable represents different task requirements. Thus, the
dependent variables selected to describe game performance seem to
do so adequately, since they reflect different aspects of the
players' performance and strategy.

Regression analyses indicate that cognitive components
underlying game performance are not the same for males and
females Although components underlying videogame performance
differ, suggesting gender-related strategy differences, actual
game performance shows little variation attributable to gender.

In sum, given that videogame skills are well retained, fun
and relatively easy to acquire, they have much potential as
instructional tools. For example, games simulating navigation
could provide a simple, cost-effective way of training spatial
learning strategies and exercising navigational skills. Since
individuals that have different cognitive skills demonstrated
similar game performance, different strategies may be employed to
achieve the same results. Future instructional paradigms should
provide for flexibility in strategy development so that learners
may make the best of their individual cognitive strengths.
Further, the dependent measures employed here reflect complex,
strategic behavior in a simulated environment. Measures such as
these may have greater ecological validity than standard
psychometric tests in predicting individual differences in
complex, real world behavior.
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of the NV> hiier'ilh-ll The L it ter inc 111o poll et-inak inig Posit ions inl the
"'f ifth it ing of the Peniti1gcn'', seni1or adiistrative jobs at. neaidqi.air-er and
st a ff cominds ( e g.,S RITIAC , RECRUI1TC01M, the S ix th Filee t ), and commanding of -

I iCer 0 \ Okecutl%( ive 01 ci bllets It niiva I tra iiiiing -ommannds and idii s tra-
t IV yeCOMma1111ids. At the p resent t Li in(e , Ltere is rio o'e ra I11 Pentagon groi ia ta
for-Mu I ates ;pColicy for the0 Geneorl I RIL comM1in 1ty as there are for the other linre-
st r c t ed 1 ile commiun i s (S k% 0, , at- a ,ors , and stibma r ino rs

*A sen eth p rolIem (_ 311ice ms t ra 1 in i ng oppo rL Luin it 1 es and pi1pe I i lies , ne thcer o f
-~11 Lh ii htt uei 1 t 1 ntara I iz ed . Su rvey res u I ts s howed tha t onlIy 2 5-pe rcent

had received t ra inin ignrout e to thlir net, issi-nments. In addi ion , there is
no (1 partmient head school fcr Ge, oral U*R!s , and General URLs do not, attend the
Prospectilve Execut ive Offi(.er or Prospect ive Commanding Officer School tinless
t h ,y have be en seoec ted f or maj or command.

The ei-lhth problem is the sulbspec ialty system that is di ff.ictlt to manage
and d iff iciiit to learn and in1fluence by the individual officer. ', lie system it -

selIf is cominosed o f mnyi adm in istra t i v( t1 emients inclIuding a p lac ement div is ion,
a divis ion respons ible for uonditlctlrlg a 7ero -based review of the entire subspe-
cia 1ty b1110 il mtentory , man11PO6i0-r cIi MaiiL;_, SPOnl.,-3, des ignator advisors, and
as5signment. F1ia 1ge rs . Niit- o Percent of the sLii-.ky sample viewed suhspecial-
1.iis as important for their careers Yet,, there is confusion among officers on
the administrative steps they need to take, t- obtain a subspecialty; also, w'en
to obtain one. For example, b5-perceint indicated that it was important to ob-
tain a sulbspecialty early in their careers. Arid yet, a Navy policy makes

sub.,pecialty experience obsolete after fiv-e y-ars.
The ninth probl-in centers on dul career couples. Approximately 75-percent

of the miarried General URIs, are married to military men. These couiples want to
colocate. This desire provides: (1) career management problems for the Navy
thichi must. be concerned wi' L mission requirements and (2) c-areer development

* problems for General URLs who may t~ant to advance in their careers rathler than
simply "be employed." The Navy currently has a policy that every teasonable at-
tempt imust. be made to colocate couples.

* Phie tenithI problem is Pi losophi cal; i .e. , thei e are disagreemnents about what
di re-tion the et ci ut Ion of -areeIr ianagement systemns shouild take. For example,

soecomimunii ty mebers want hi 1 e~s that are reserved exc lusive ly for General
- RLs or kan'sparlatO ass ignnient managers. Ini this way, it is airgued that women

will be able to compete more effect ively ,itm their maleI( counterparts. Onl the
-. othier hand, compl a its are voice(d thait suhapproaches are an example cf a ''sop-

'11atO nilt, eqlual'' s tat'is that removes, women from the Navy's mnains tream and(
prc.,emts them fromi .omlpet ing successful lv wi th male warfare specia lists.

Plk,% ( I ItLye inl thle Ca iveer Areoa

In \xir19S4, tue Natvy promuilgat-ed a series of )oi iki *s designed to al-
*~~]. I 'i te "un of th'. caee-mailageniciut and delt 1opifien t 1)1-1)1eir. faced b~y the Gen -

EM ~eral tVKI, mnu111iriitt Olle of thli chaniges asthait Generii URs , atlier than SWOs,
-,oi I d t k e Is - S igin4111t 1 t lI iagr S , . e. Go eii tra I I KLs won Jid as sign t le t r own

'Oumli, tt The t'cp.i, t thi i, po1 icy iro .ominilers 1oiio have "creelied for



command anId CAPTS . I k' se two Sets, of 11dji% diai t ill ,Ltl b1 e a signed by
SOs. Tho "new alccessioiis "desk will also !)e manned by a SW() In brief, tile
pal 1(ic ies seeCm to co'l-il t a n i oment s of bothl 1-11 los'ophic posionmt-ne ir

* t~ier. i ~ l t115~iOlder

A second change w as the inslt i til t i on o f a two -ca re er track, the
Leaeri i,.Subpe ~aItTrack, ,hich is theO existing one, ind a new Specii'lty

Track. The former emlpnla i zes both leaide rsh ip anid subspec ial ty oilIlets , CU IM 1
* nat ing in coninding officer positions,. The iie ' track emphas izes the opportu-

nity to stay in -i s ubspec ial1ty track, eventually becoming a program manager
r' rt he0r than a com1manding of ficer. Ho%,ever , a small percentage of thaDse in the
second track will become commanding officers of shore installations special.7-
ing in activities such a-, computer ocerat ions. Approximately one-third of

*General I. 'RI. 1CDRs w i 11 be acc-pted into the Specialty Track.

KIt is hoped that the tto-career track better defines the billets that are
riieed to advance iii the Navy, that it gives General URLs more opt ions- to ful-
fill their career goals, and that it provides the Na-vy with the specialized

skills It nleeds to Meet its requirements.

A third Policy Was aimed at stibilizing accessions into the community.
While the ntimbers established operate within broad parameters, th~ere is at least
some ,tructurc and coirmunitv control over this important isu. h reiu

community man iger characterized this policy as the single most important change
ithin the community.r. A fcmirth poli v y was aiimed it freeing up additional numbers of challenging

and career enhancing billets for the General URI, community. That is, 1,800

billets were identified that were reserved for warfare specialists, but which
seemed within the capabilities of many General URLS. The goal, which was
reached, was to be able to reclassify 300 of these billets so that General URI's
would be eligible for them.

Btfnin billtssifiatirepreseneda the opereiock opouniries nexeded foma
Beforen rilelssifiationreenera Ls wpereoa bl otd, t le neent, foroma

reer advancement. The policy chanige addressed the complaint, previously quoted,
regardiP(g the pool- quaIi ty of hilIlets availab,ie to General URLs.

A fifth policy cladrified the definition of leadership positions below the
* level of execii1tiveiconmaidliig officer. That is, criteria were established for

div is ion officer and depax tment head hil1lets, and billets were appropriately re-
,odied . Th is poli cy further de f ines the car(-er path, thereby helIping the indi -

vidii, l officer to formulate and plot career strategy.

Asixth p01 ie-% further defined the ireor , ath for off icers just entering
the NI vv . TIle pklemJH sse d by the ol i, k,, Is that new access ionls Were ob-
Li inilig limi ted 111u a tyan lealdet sli IJ) experience ill those si tutl~ionsh

wherei the \,i v', s needs were defined sbe inig pi-eem inent . The now pol icy state(d
that uinder stichi ci rclirflst iil,.w5, t hoie list as ignmeiit w i 1 1 be Ip I t -toiired or be
I a -year riti th i a 1ei 11 ill( gIt loll

I 86(

%- - - -



A seventh policy was designed to ensure that General URLs, as they compete
with warfaie specialists, receive their fair share of leadership positions at
the lieutenant-commander (LCDR) level. Although specific billets were not re-
served, the policy stated that 75-percent of the LCDR executive officer and com-
manding officer shore billets will be reserved for the General URL community.
The policy also dictated that the same type of arrangement be implemented as the
community matures and sufficient numbers of commanders are available.

Finally, the recommendation was made to increase the fields in which General
URL officers are assigned so that they have the breadth of experience to fill a
wider range of leadership, HQ (i.e., headquarter) and subspecialty billets at

thc. 06 (i.e., CAPT) level. A lead and an assistant agency were designated to de-
termine how best to implement this recommendation.

Questionnaires will be mailed shortly and interviews conducted to determine
the community's reactions to the actual and recommended changes discussed in
this paper.
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Attitudes, Preferences and Career Intentions of ROTC and Non-ROTC StudentsAnMelvin J. Kimmel

US Army Research Institute for the Behavioral and Social Sciences 1

The Reserve Office" Training Corps (ROTC), the Army's main source of
officer personnel, finds itself in a dilemma, for it is being tasked to re-
cruit and retain record numbers of officer candidates in a shrinking and more
co-npetitlve market (Hertzbach et al 1985). The White male college-bound pop-
ulation has been its main source of cadets. However, changing market cond-
itions will necessitate going beyond this traditional pool to include women
and the growing number of adolescent Blacks and Hispanics (McNeil, 1983). To
accomplish its expanded mission, ROTC must have information on the back-
grounds and attitudes of th2se people in order to develop effective recruit-
Ing and training programs.

Over the past fifteen years, the ROTC Advertising and Media Division has

relied upon comparative studies of ROTC cadet and noncadet college students
to develop its programs (e.g., Armstrong, Farrell and Card, 1979; Card et al,
1975; Hicks et al, 1979; and Montgomery et al, 1974). These research efforts
have generally drawn similar conclusions: (1) the influence sources that

ROTC cadets and noncadets use to make career decisions are similar; (2) the
ROTC and military-related attitudes of nuncadets have become more positive
since the Vietnam era; and (3) cadets and noncadets differ markedly on val-
ues, ROTC and military-related attitudes, preferences, and intentions, al-
though some of these differences are true for only certain ethnic and gender
subgroups.

The present effort continues this line of research with a more recent
sample of ROTC and non-ROTC students. Its focus is on variou socialization
variables and military-related attitudes that may impact on one's decision to
join ROIC and pursue a military career.

MLTHOD

Subject.. Usable data were gathered from 898 college students from 11
carvuzes with ROTC programs. The sample was composed of 427 first and second
year ROTC radets and 471 noncadet students. The frequencies for the ethnic
and sex subgroups in ROTC and non-ROTC are presented below:

White Black Hispanic
Male Female Male Female Male Female

Cadet 211 71 51 39 30 15
Noncadet 130 123 60 63 60 35

The majority of the sample (54%) were enrolled in southern colleges; 29%
came from scLools in the northeastern and mid-Atlantic regions of the coun-
try; 11% were enrolled in midwestern colleges; and 6% were from western
schools. These percentages accurately reflect the geographic distribution of
males and females in our sample, but they are not as characteristic of the
cadet-noncadet breakdown or the geographic distribution of the different

ethnic groups. The greatest discrepancies are found In the eastern and

'The views expressed in this paper are those of the author and do not neces-
sarliy reflect the view of the US Army Research Institute or the Department
of the Army.
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southern cullege subsamples. Sixty-eight percent of the non-ROTC partici-
pants ;.tre fron southern schools as cof.pared to only 39% of the ROTC sample,
while 18% of the non-ROTC sample and 41% of the cadets were enrolled in

eastern colleges. An overwl.elming majority of the Hispanics (86%) and Blacks

( 8 5.) in our sapile came from southern colleges, while the White sarple was
r .re equally divided, with 34% from southern colleges and 42% from eastern

schools.

Instru-ent and procedure. University staff mebers administered a
sligi.tly iviified version of-the 232-item "Career AttitLde Survey" (Armstrong

et Pl, 1979) during reeularly scheduled class periods. The surveys were ad-
ministered to ROIC cadets in MSI and MSII classes (The ROTC Basic Course) and

to non-R\OTC students enrolled in lower level required courses (e.g., English
101). The survey was composed of items on background characteristics, media
preferences, education and career-related variables, and ROTC/Army knowledge

and attitudes. The questionnaires took approximately 45 minutes to complete.
All answer sheets were returned to a central location for coding, keypunch-
ing, 100% verification, and analysis. A 2 (Cadet-Noncadet) x 2 (Male-Female)

x 3 (White-Black-Hispanic) factorial design was used to analyze main effects
and interactions. The F-statistic was used for items associated with rating
scales; and tne x2 statistic to analyze categorical data.

RESULTS

Career and Education Influences. A number of variables may influence

one's decision-to pursue-a-military career. Among these are the military

attitudes and experiences of family and friends. When asked to rate on 5-
point scales how favorably their parents and friends perceived the status of
an Army officer career, the mean ratings of ROTC cadets were significantly
higler than the non-ROTC student ratings on both perceived parental attitudes

( =3.92 vs x=3.41, F=35.76, p <.001) and the perceived attitude of t.eir
frienas (x=3.30 vs R=3.06, F=13.92, p <01). Sex and ethnic differences were

found in respondents' perception of their friends' attitude, but not with

respect to their parents. Cadets and noncadet females perceived their
friends' attitude as more positive than did the males (7=3.42 vs R=3.10,

F=7.63, p <.01), and the Blacks' ratings (R=3.88)were significantly higher

than W1ites (K=3.18) or Hispanics (R=3.23, F=10.94, p <.001).
'her, asked whether or not their parents, siblings, and friends had been

in ROTC or the military, a significantly higher percentage of cadets than
r;cncadets reported friends with ROTC experience (57 vs 50%, x2 =5.50, p <.05)

and parents with military experience (69% vs 50%, x =19.25, p <.01). Ethnic
dilferences also were found on ROTC and military experie-e variables. Fewer
Hisj dnics (10%) than Whites (20%) or Blacks (14%) reported parents with ROTC

experience (x2=6.73, p <.05), while a greater percentage of Blacks reported

siblings with ROTC experience (23% Blacks vs 13% each for Whites and His-

panics, x2 =11.97, p <.01). Blacks also had the highest percentages reporting

military experience for siblings (28% Blacks vs 19% Whites and 15% Hispanics,
x2=11.97, p <.01) and friends (78% vs 69% and 68%, respectively, x2=9.08,

j <.05). Whites reported the highest perceutage of parents with military
experience (71% Whites vs 44% Hispanics and 38% Blacks, x2 =72.58 p <.001).
The only significant sex difference that held for both cadets and noncadets

was for filends with military ex~erlence, where the percentage of females was

higher tihan males (73% vs 63%, x'=3.86, p <.05). A higher percentage of
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- :L t' ir. .- . , ,s it-1' r i tz..) exierience, but the differ-
'< e IS 1 P f i cet s k ii. % s 4g. 1l~ n. i ('8 % V SS 52

It, :. ts v re a I su ask.ed dire tl) a ',c t 0 e sources that Ir ,,1uer ced
t .r J..., .:. x '!te r L'r nfot to th I Iate In colege 1.0iC. R.YIC Influ-
v .e 1, .r", :e I a .:ed 3) -ii.g j, tIt i , :ts to Irndicate which of 14

, tiil - :.-s I: f ti-,,ed t- -r de :sIon. The resulting perce.tages for
u sr e is :. Eted in Tatie 1. Cadets amd i.;cdets agreed on four of

t t t t:.- ) " t, : tiui.ed , flrer.,.rs: I..ily, I.riends, persconal be-

s ..: -r g Ils. : ..v a erti ,i:' ,.d i .' C u:,it requ rec.ents were
.. ~ i. .a t : ..,-ltal of ttu sI Ies tr tVth groups. A. might be

L .Lted, a I I Ir j-erctetdge of c.Iets t!.i:, nn:.ca.ets were Influenced by
s ad i tLer mIIt. i-e Ie.nel. iTe r oncadets more often

t .t : t-:.az te!iefs, career g, aIs, ad At, iC obligated service. Some
I f et;ni c and sex differtrnces '.tre f ,ud that characterized both

,et .:. r ruset ,rups. 'hites cl-.se career ;oaIs more often than Blacks

........ . .,s. ]i. s did not tase t:.eir decisi n to join ROTC on personal
a !- e:s as: .c. as '. ites or Hisipanics, but '.ere c.ure influenced by ROTC

a eia advrtising tan the ot,er ethic groups. In aodition,
a.r~er ' of Males than ft::ales rel.tioned eLVnUC.1c conditions as a
f,6 *r in t:eir decision.

Ct.er ctserved sex and ethnic differences in ROTC influence sources were
s.-,,ficart for cadets, but not nc,ncadets. Spedifically, a greater percent-
3at: ct :-aies tinan males 6aid they .,re influLnzed by friends, (51% vs

,p<.01, teachers (18 vs 9%, x24.15, p <.05), and ROTC in-
L, Z: , .r S k 4 ' x2=7.94, p ,.05), .hfle more ROTC males than ferales

.ere inr.fuenced by i-ilitary lifeslyle (24% vs 137. x =8.79, p <.01) and per-
:.ai beliefs (34. vs 25%, x2=4.15, p (.05). The only race discrepancy

.n cadets and r, cr.cadets oc utred in percentages reporting educational

g6als as ir.fluercers (x2= 10.66, p <.01). 'tthin the ROIC group, a greater
jer~mr, tage cf whLites (30%) than Blacks (16%) or HIspanics (11%) indicated

t.at tr:s hi. fiuence. tneir decision. ithin the noncadet group, on the other
Vv.d, tle eth nic groups responded similarly.

FPAL a~d i-~1itary Attitudes. When asked how, they felt abouJ serving in

t;,e : tre, Wets and nonLadets responded very differently (x'=122.02,
p ,.Col,. 1le percentages of cadets and noncadets stating that they would
svr~e If reeded were about the same (52%. for cadets and 46%. for noncadets).

- .ever, a sgilficantly greater percentage of cadets than noncadets stated
t,3t they felt a duty to serve (29% vs 6%) , while a much higher percentage
of rci,,-a'i.ts (48%.) than cadets (19%¢) indicated that they had not given much

thc, nt to !'.'lttar) service. In general, females and Blacks in both groups
1.,_re eas ((,r tted to military service. Forty-nine percent of the females
t. our , - le indicated that they had not give much thought to military serv-

Ice; 41'. said they would serve if needed; and only 10% believed it was their
duty to serve. In contrast, only 25% of the males Indicated giving no thought
to nlltary' service, as compared to 54%. that would serve if needed and 21%

whc believed it was their d~ty to serve (x2.-59.10, p <.001). With respect to
etlnic gr;.up differlices (x =19.19, p <.001), only 11% of the Blacks saw
rriliary szr~tce as a duty as compared to 19% of the W'hites and 18% of the

hfsLji!cs, while 47% ci the Blacks as com.pared to only 30% of the Whites and
30% of the Hisidnics said they had not given much thought to military serv-
lie. 1e .er H]acks t~an, Whites or Hisp~anics also Indicated a willingness to

serve If reeded (42% vs 30. and 31%, respectively).
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T1he [.r V itive attitudes of cadets ws also reflected when partici-
i .7. t t -r~ se ~d to, late t e attractiveness of ten aspects of an) ROTL program
Uni f ive I :nt sc i ies see TablIe 2)1. AlIthough,,el cadets rated all ten aspects
r, JA fic t Iy hgr 0-in r.uQrade ts, the rank Lr_'ed ngs of the pro am ele-

ts ;.tere rel-t Eively sf- 1liar. A-_ng the prga~elecents ra ted mocs t attrac-
ti;v .e're a rt u b after college, the ,cho]arship program, program
qI ty, a.:-d r~zrn. activities (e.g., course rudules, social functions,

etc.) . ii-ited dut) require.-e its, RUrC cadets, sad program requirements
ut re seen as the ic-is attiactive aij ect of the protgram by both cadets and
L.& Weslhe orl-y exCeptioin to this cor~sis tent pattern was in the ranking
i.f FTC irsttuciors, uAIich was ta-.ked first by cadets, but only fif th by
1. ~a-ts . in c:.e:ralI, Blacks ar d Hispar'sI cs ra ted these elIemen ts more

oi t ively t',,in did the W~hite sutgroups. This pattern was significant for
four ot the ten prcQ-ra:r. e 1 en nt s: Frozgram irade, program environment, ROTC
cadets, ar.d otliiL-ted duty requirezents. Two of the sex differences were
s : ; -. fifcant. (activities arid ROTC Instructors), with females rating these
elten~ts ,:vre positive than the rrales. These ethnic and sex patterns charac-
terized buth cadet arid rnrcadet groups in all cases except for the female
hisd. ..c's attitude tc .ard ROFC Instructors. Cadet female Hispanics rated
t.-eir ,,n.tructcrs sigrificantly io-.er than the other cadets, whereas in the

r.-.cadet group ft!-ale Hisa:,ics rated ROTC instructors more positively.I
Sirilar patterns of results emerged when respondents were asked to rate

laspects of Army life (see Table 2). As with ROTC attitudes, cadet ratings

E:E c ,.ztbentiy hig)her than the ratings of noncadets, but their rank order-
Ines were similar. Job security, officer responsibilities, and officer pay

and frirnge benefits were rated among the most positive by both groups, while
persconal freedom, prejudice, and Army living conditions were among the most
unattractive elements of Army life. The largest discrepancies between the

* cadet and" roncadet rarkngs were on "required mobility and travel," which was
* ranKed fourth by the norcadets but only eleventh by cadets, and "required

discipline", ranked stventh by cadets ard twelfth by noncadets. Blacks in
both 6 roups rated all aspects of Army life more positively than the other
ethnic groups, and 'vhites differed significantly from Hispanics only with

respect to "Job security," which they rated higher, and "personal freedom,"9
wr'ich they rated lcwer. The only slirificant sex differences that character-
ized both cadet and norcadet groups were in attractiveness ratings of requir-
ed travel and personal freedom, which were rated higher by females than
males, an.d iii their feelings about Army tiaining, which was seen as more
attractive by males than females. While ethnic and sex patterns were gener-
ally the sjrrc in cadet arid noncadet groups, there was one exception for the
element, "officer responsibility" (F=4.87, p (.05). Specifically, whereas

the meani rating for ROTC males was hipher than for ROTC femnales on officera
resionsibility (R=3.94 vs R=3.83, respectively), the reverse was true in the
1i U, adet group, where the male means were lower (R=3.26 vs 573.36).

DISCUSSION AND CONCLUSION

Re sulIts a re rema rkabl e s im ilIsr to those repor ted in the ear I Ie r resea rch
efforts that cuupared cadet and nonLadet chazac teris tics. In comparison to
nonicadets, cadets as well as their family and friends continue to hold more
positive attitudes toward ROTC and military service. Also consistent with
the more recent efforts Is our finding that nouiCadets are not as resistant to0
serving in the military as they had been during the Vietnam era. in fact,
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t~ :rs to t-e e~.'r less resits nce rnLw O.An at the time of the Hicks et
tr;get al 097) surveys. In addition, the present re-

.: : els *,he --irlier hvding that cadJets and noncadets rely onI
:.cc s-rces tc decide -wh!eth.er or not to participate in an ROTC

a- i t! aits, a re s ti i ure inf ' t tced by milIi t,3ry pe rsonnel1, and

*t: ecr.ie:r d ifferences a Iso a re re la t iely simi la r to the
et a f 'Iit.dug s , the cL'r.s iz>,:res a re Iless c lea r rega rd ing

*..s. bauth studies report si,'iiar ethnic group differences
* : ,-t _i 2i.ry ser I ce c _ :t. a~, erso.ia I fee Iirngs aboutL ROTC and

r v: t i a Lt t-deS s ,rd m 11ftary se rv Ice, and the milIi ta ry
t>rf:. t , -,d f r !ends . i-icever, the two research ef for ts d if fer

t t 1 c :1,L results fcr friends' attitude toward military serv-
-~~~ , t .. L\,tiece~, arnd the inflktnce SOLrces that students use to

-.vt:Ar (.r nut, t(, particirate in, college ROTC. These discrepancies
Cite ttthe L z~ro rd exjeriences of college students have changed

a: 3 L wt" rv~iec t to etrhn ic groups) or they may s imply be the resul t
a;error. Forther research is needed to clarify this issue.I

are tibe i--1 ica tion of th~ese f indings to ROTC recruiting? First,
r ' Z t t.-jt r,.caz4tts are less resistant to entering meniale tservice than

tin _a;i _;rs . Second, the res.its sui,&est that media advertising
C.. .ted tc.:ard the ;octentlal recruit is not very effective. A better strat-

c* e - :,'ht te to direct advertjS1ing, rr.'rams toward what were found to be theI
,:Irir:±uence sources: Parents and friends. Finally, the large number of

tric ar.zi ,tx differences observed in atti tudes and potential influencersj
* ;es that a riltidinernsional approach to ROTC recruiting is needed. Re-

- . r~t'~.. r(orams that are geared only to White males must be modified and
. ed if ROTC-1 is to attract the wonen an" minorities that will make up a

:atportion of the target pool in the 1990's.
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-a ic I. Petcertage of kes~pcdents Indicatir.g Sources t-t laflenced Their Decision To
Join or Not Joia ROTC According to ROIC Mle-.-rshlp, EthoI.c Background rnd Gender

ROTC ROTC

:.-::_e..e S.. rces ."e-bershi2p ttic Back 8 tound G#'2der
-Cadet %cocsde t Wnl to Back hispanic KA 1alFemale

Family 39 34 38 34 33 36 36
F r eds 40 39 37 44 Al 30 41
Fers-na Beliefs 32 45** 40 27 38 37 36
C:eer oals 29 38 36 27 32 34 32

_.,c Ce.&as 25 28 28 24 27 26 28
~'_1 .ry L' fe Stylk 20 30'* 26 222 24 25
R i tst.-,crs 32 5 17 22 20 17 21

-,ezrLters 19 15 11 34 ll1 16 18
..cC,;dltlocs 18 13 16 11 21 18 ll1

7ea2 e~s Cc .selors 12 12 11 15 10 11 15*
1 11.,tsry Fersc.nel 16 7*** 12 9 12 12 10

SedService Iit* 8 5 8 7
'l&Ads 5 8 5 11 8 6 8

n' .nt .Req.1re:ents 3 6 5 3 3 5 4

p" p.05

latle 2. Attractiveness of RCTC Program and Military Lifestyle According to ROTC

Membership, Ethnic Background and Gender

E T.e Fez,-,s RTCMebe shp .&v%

:e s R OTC._ .e=e r iip Ethnic Background lender
Ca deto oncadets White Blzck Hispanic halt Female

S.a.snteed Job 4.15 3.48*** 3.76 3.79 3.80 3.79 3.80

Szh.ars.!p Program 4.08 3.4 5** 3.76 3.77 3.76 3.76 3.73

Izss ..ctors 4.23 3.09 3.65 3.63 3.62 3.73 3.49*
I,1,tiiy 3.98 3.27 3.60 3.66. 3.S8 3.65 3.54
Activities 4.02 3.11* 3.52 3.60 3.58 3.66 3,36*

En ' i , c,:eat 3.84 3.02
**

* 3.32 3.61 3.48 3.44 3.37

1 - c 3.67 .3.01 3.23 3.53 3.40* 3.33 3.32

Re; i re:e, rts 3.76 2.91** 3.28 3.44 3.32 3.35 3.26
R:, cdets 3.60 2.96

* '  
3.17 3.46 3.38" 3.76 3.73

_tligaled Ar--y Dtty 3.38 2.72*'** 2.95 3.26 3.04 3.07 2.98

&?'Y LFESTYLE

Eemer ts
Jo Sec..rity 4,28 3.71

*  
3.99 4.17 3.71* 4.01 3.94

Fes;.usibilitiea 3.91 3.31* 3.56 3.71 3.58 3.64 3.54
Fa /Fringe Benefits 3.92 3.26

'  
3.52 3.85 3.40" 3.52 3.67

,ff-cer Q.ality 3.79 3.14* 3.39 3.67 3.37
'  

3.44 3.47

Army Goals 3.77 3.13*
'  

3.34 3.71 3.40
*
*' 3.41 3.49

Recreation 3.64 3.11
**
* 3.35 3.55 3.21 3.38 3.36

Re;,'red Travel 3.50 3.15
*
*
*  

3.20 3.71 3.20
*  

3.19 3.52

Re'earance to Society 3.60 3.04*** 3.31 3.46 3.09'* 3.34 3.26

Ciscipline 3.63 2.86** 3.12 3.49 3.26* 3.28 3.14

Caily Activities 3.56 2.91*** 3.11 3.53 3.22 3.26 3.16

Training 3.60 2.85"** 3.15 3.41 3.15* 3.34 3.01.*
Pesnal Relations 3.38 2.92*** 3.11 3.30 3.00* 3.14 3.14

P2.lic I~age 3.24 2 .84 *** 2.91 3.42 2.95* 2.98 3.12
Living Arranjeents 3.01 2.36*** 2.49 3.06 2.82

* *
* 2.71 2.63

Pceiudice 2.67 2.55 ** 2.59 2.79 2.44* 2.58 2.61
PersCCal Freedom 2.73 2.44*** 2.43 2.90 2.70*** 2.52 2.69*

p< .05

p(.01
p< .001
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Al MAI.% 1ENAN . !)DA IA EL SED I o DEFI1NE

D'.a~u R~ e i~ hCorpora tion

.a i ir Mar ndo t1

Air Forc.-e Human Re~ources Labora tory

:,I Ct, V.170's the Air Fir,,, shifted the,, emphasis of maintenance training
:h) I~ t chOlo'l to) the wo rkp I a, t, rhe average length of formal technical

iJ in a rtascd from -.8 w',tk5 to 25 weeks,, while there was a corresponding
~~ ~in tne, O)JLuren

1,i flEw approa~h to triinin4 was expect.,d to accomplish several things.
r~~t .it w~~~ild get riaintt',nan,-. personnel out intothfilmoeqcky

>.. m. it would allow re:cruits to) spend more time training on equipment on
St!,-. -.-oild ultimately work. Finally, the emphasis on OJT would tie
rii~u~ moe loelv t') the actual naintenance tasks that are performed in

I Jol.

'Iinsome ot the resDonsibi litv for technical training was transferred

r 7. rna'i ;:hools to maintenance units, supervisors were given few resources
i, -<mplish the additional training. As a result, the supervisor had little

-~:prviorsachievo their expanded training mission.

o~n.- mtnehanism ii signed to support tne unit training needs is the Field
.r-iu-ing Dtachment (FTD). Operated by AIC. FTDs smooth the transition from
,r-ial training to the unit. After completing generalized technical courses.

aiirmeni are assigned to a base wherelipon they are sent to an FTD. There they
reoi ' qLlipm~nt - speci fic training on the actual equipment maintained at

ba se .

In order t,, determine training requirements for OJT (e.g., FTD) data is
11 qiired that prov ,des accurate and time ly descriptions of the specific tasks

whi~h -omprise a job (including equipment references), how time is allocated
amnong these tasks, and how well these tasks are performed.

Ilhe pulrpose,( Of the Training, Job Requi rements, Syst-em contract with AFHRL/ ID
Awas to assess the feajsibility of using automated maintenance data collection

(MIC) O deVet up aCCuirate. ohie .t ive and realI-ime job descriptions of
rn-i n t.nince 1obs;
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Datca on 1 I in ln.' a. 1, :1. 1.~: '1. : *i: : ' .r

al S Dda art , t' " M , Sv " ' . '. 1 ~ t r I ti ' s t :r " m

an a3< Zk7eer. track of P,!rsonne-I wr vt: r- m~e'aintt-anlt acti. n-:
1-:1,1 be .sej t d ".vop t Istr ia II simma r,-s ir iescr mt i.ns t tie tmai n-

cenance actions that constitt I ,b. nbe prin.mpaI ,bctins to .sin z

data trom AIDC mn tne past to define obs have been that cre data are i in-

complete and (2) inaccurate. However. wicn the advent of auccmated iaih"
tenance data collection systems sucn as the Centralized Data System (CDS)

on the F-16 aircraft and the Automated Maintenance System (A.MS) on w_-5A

aircraft, these objections are no longer valid. Specifically:

1) Automated maintenance d'ata collection systems ensure that data is

co-,pleCe and accurate. Work order generation and tracking ensures

that maintenance actions are recorded: on-line editing produces accurate

and complete entry of maintenance information; a centralized system

contains daily data from all maintenance sites;

(2) Maint:nance data consists of a set of standard task elements which refer

to equipment involved (work unit codes) and actions taken (action taken

codes). In addition, the clock time for specific maintenance actions.
although influenced by tne general workload level. provides accurate
Pstimates of relative task times;

(3) Maintenance cask data can be collected which identifies each crew member

involved in a maintenance action. This data can be obtained without im-

posing an additional burden on maintenance personnel.

) Mointenance data on individuals can De aggregated over time to construct

reports summarizing all maintenance actions performed by an individual.

Reports can be construct-d as a function of skill level, AIMU. or base.

(3) The computer data base and terminals for collecting these data are already

in place. at least for the F-16 aircraft.

A mall portion of a maintenance job description report that can be

g,?ntratea using maintenance data is shown in Figure 1.

SUM TOTAL MEAN SUM PERCENT
AFSC: 326il TIME SPENT FREO. CLOCK TIME TOTAL TIMEa&": MacDWI AFG, 51t TTW

TimeW PwWlod: 55014 to 5W 2352.23 1644.00 1.28 100.00

TOTAL MEAN PERCENt

Wu.C AT COS DESCRIPTION TIME SPENT FREO. CLOCK TIME TOTAL TIME

74AUO L Adpuut tire control radser "L 42.6 33.0 1 29 1 81

74A00 0 InstaMed tire control radr $M- 4 00 2.0 2 00 17

74A00 R RAR tire control radar "L 6.60 5.0 1 32 28

74AOO V Clean tire control radar set. 6.00 4.0 2.00 34

74A00 X Til/S tire control radi set. 61.54 63.0 98 2 b2

74A00 Y Troubleshoot tire control radar set. 181.61 1000 1 82 7 72

Figure I F-16 ('DS Job Description Report Excerpt
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*n~ i r~ *: a aIca i . Rn&,-.a I IAt I n P,, rank. Rk'Dor. idetuI f os h )w
!..i~ R" e~'~d it :i.~t11" irt, lat.'r 1I)und co be ,, r -

n ir ts t.,d inI- t nt, Av I t 1 it rnw .a te Shro p ( A IS. Th i

IT,, n.3n :t. t-attd ir ,iit~r a a' ,I work .ent er and wi I

:;i:t dct ant , I o~.~l aid t I na Ircsource n.,.,d t o be,
h t, ra I. n4 o f ttrainbnI,-t trbl t I'rig pa r t1,u Iar .- qu 1pme (t.

3.." 3.1 .4 $Sill to owl3
AI'SC __2L& a*/3C 144ACOS3/A.

333 121(334) CUD3 4 13
wut In Shop Pioc.ssed acs Repatid a48s

233J 34 0303 335 3( 1
S~AO88 0101 4(503 4(M0

Io 0 0 0(01 0(0) 0103

SILba 0 0 0(01 0(03 0(03

SirA0 I it 10 .51 M33.51 2(25'1

14AAO 7 7 0303 141 Oil")

14AMO 16 34 1442) 12(443 33(21

?4ACO 1 0(01 31003 0(01

14APO 1 5 1(201 3(603 ((203

IqISA' I7 1 0303 7(87 53 33(2 51

1438.0 5 030) 531003 0(01

14L.AO I 1 0(01 (300) 0303

14U.) 14 34l 33231 113793 ((01

it)0 3( 0(0) 23(163 982)

14LAO 9 6 0(01 6(100) 01013

dil/ (3 0(01 23673 333(31

Figure 2.Sample WL'C Removal Action
Per tormance Rkcport

'r tf thtiesw repturtz t ~ould include on-thle-j ob trainitng (OJT) super-

vi r-: ba,. training .lnalVSts; Mlsnt ,naln,_ trairling managers at AC; and
ari I. *atAlt. PC ad Mc inuvolved in describing ma lilt ''noi )

d.'ll'-el I Aifl tr1ilfC. 'tIndd an vja u rihige .. tVf~~
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1.,nka- s t' '. 'rronuL Job Descript ions and Fra inin4 Standards

Job ies..ri pt Lye informat ion der ived from maintenance data Support the
I-tftiiof of trainng requirements o. lIy if this information can be linked

to urrent job descriptions and traIninlg standards. Only after such linkages

'1r- cre'ated an the existing job descriptions and training standards be
S VAlated andi subsequtently revised. rhus. in order to realize the full

honefit or collect ing maintenance data on individuals, linkages must be

establibhed for all the AFSs on which maintenance data is collected. Figure

3 provid,!- an illustrative example of how linkages are established among

mainitenance tasks (F-16 UDS). occupational survey tasks (OS), and specialty

-raining standards (STS).

'4 F-16

CDSI

62C00 X

Test-inspect-srvicS
VHF communications set

Peft~U676 1

promoperational checks Perform operational
of VF sytemscheckout and BIT on

VHF comimunication systems

Fi ore 3. Trask Link3ges

7%r l Iprbi I itt." Wv dm strtt inl this stLudv which have wide

i%1 Iitv. Jh ,IP'iDul l IMAIn~ ie Uis ing automated maintenance data
ttmjs to tI I>. tak dalta on maintenance personnelI, l inki ng

I r. TI I jrin I ~ ,o '11LC I1i ito ns (ie. . occupat ionalI
It' rt 111d I't I at V t rai n ini tinda rds. and dtvkeloping reports wh ich

'I-el to tnnl ruiL tiaioinkz roquirements tailored to specific groups
S i md t- dent i tv a i ining (it, 1 ik enO es-
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I l:\~lI LllIlASIS: I Ilk" IS] ['ASK F'ACTOR AvIL.AILC

I~av i I wdy I~re ten nt olonel Charles 1). ( 0rrnan ,

and. D~r. \itrI.. 1)1iskill
I SAI ) cupational \Ieaisurernent Center

I h paer list .i~sthree impu toint 11,wets of the tra-ining emphasis
I I hik lt. I ir st , 11II. r atm11gs provide the best data for establishing 'Irinf-

in piirlw le in (omparisLon to the other task f actors frequently ci ted cis
n~k~dtd 101 Cu1RUri( lm decisions. Second , the, reason training emphasis is the

4fe-t li.sk ltik.tol tor estaiblishing training pi'iorities is the significant cot-rela-
I kns t hi (\ I- 11 betIwe en t he '11B ratings ind other task factors. Third, TE

d]0o 11 cr e, uI In Wil for instructional systems development (1SF)) decisions.
I ol !u%\irI~ i brifII i hltor t (i S umma ry of the training emphasis fact or an(I a

diL( SsI,01 (1 the ]Just mentioned facets of 'FL data, a brief description of how
! I t.- hnolog , i pplied by t ne t. SAl OCCu~pational Measuremnent Center

' r HISTORY ANDI BACKGROUNDI

in ngempha. i Ia fact oi developed from i long, detailed, and
oinplex I esear h program. C. hristal (1970) first proposed the gathering of

* ~ ., task lot b infor moition us-ing subject-maiter experts as the pool of raters from
Nhich soiple.s (ould be draw%%n. Mial and Christal (1974) and Mead (1975)
(Ondu( 1ed thc mnit iol reseairch usbilg the policy-capturing approach to suc-
e'',sl llypreict t ra in ing pric-rities . I n addition, Mead's research was

1)J. Il U1111 111iL1 favhpflIn SUgJgesting (i intimate integration of I SD practices,
d Li Up~itioa 1011, 'l~ data, and curriculutm design . In 1977, Stacy, Thompson,

' Ind I holm'on r epof ted that staIndard occu~pational survey techniques 'Nere
reltoible for' the collection of 1Lsk training factor's.

I 11c III st major 1 (-)ea1 h specil i. ally on traiining emphasis was reported
IK k<u( k, I hompson , and( 'I hornson ( 1978) . This report established the
11I ()LilId W ,oi k to use aind nlyi of IT datai. Some of their r'ecommendations

(I. Ithat I 1 1 d 0,1 shOLld he ( ollected aind not predicted; that training
~~mphasi ~ b raigs olleCted 'Aile the routine collection of task delay toler-

fi' ' indl kunsiilucih is of inaidguote performance taIsk factors h1ould be dis-
mntinuu , indI thai Iraitings, he separ'ately collected for each Air Force

I he 1I1, tas k lai( For r'es-e~tr( h \Nas r'eleaised for- operational use t~o the
I SAl (' upot ronal Analysis) lPr'o(J'n , tJSAFI( , Randolph AFB, Texas, in

P) -i. I~i i,,kill ind Mrt(lhell ( 198()) mentioned t h exstensive gathering of TB:
data ho1 LIMe h%~ te him l Fr aining ( LIr'ri( ulum developers and training man-

ier' Ini 1981 ,Stiley (Ind kN(.issmu1Ller presented a paper on interrater
Irlability III Fthe ( '())AI' progr arn1S. 'Ihysuggeqsted training emphasis is a

stabhle Ita- IIfe br in nsncompl'x bp(it e ut thait more r'esearch needs t~o
he' dumni'1 11n ( th 1))ipl( 11 ionl of T1,. daita to (onplex specialties. Jansen (1982
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nd further in 1985) tackled the issue of complcx specialties and proposed a
common rating policy (CRP) approach which is adequate for all but a few
specalties.

VE vs OTHER TASK FACTORS

Belore suggesting an integration of the TE task factor into a prominent
position in ISI) theory and practice, a discussion of the correlations between
IL and a number of other task factors investigated by Goldman (1985), and
Ruck, Fhompson, and Stacy (in preparation) is necessary.

Goldman, in a ailterent approach, both statistically and methodologically,
sho%%ed the same conclusions alluded to by Ruck, et al (1978), that the TE
task factor is the best task factor available and that other "training" factors
of,(,highly correlated i,,ith TE. The factors used in Goldman's research are'
identified in the !nstructional Systems Development (ISD) Eight Factor Mod,
In addition to the TE lactor, those factors included:

1 . Percent of members performing
2 Average percent of time spent by members performing
3. Task Learning Difficulty (LD)
1. Consequences of Inadequate Performance (COIP)
5. Task Delay Tolerance (TDT)
6 Probabilitvs of Deficient Performance (PDP)
7 Immediacy ot Performance (!i))
t. Relative Irequency (RF)

-le con( lusions reached by -;oldman suggest that instead of nine sepa-
rate lactors, thero is only one clearly defined training factor; and, in terms
o predicting critical vs noncritical tasks, rather than nine faciors, there is
i e,allv only 'T'. Also, by collecting a minimum number of task factors, effi-
M11en1c in data gatiering and analysis ,3 signiticantly enhanced. These con-
Ausions 'Ire a i,,sult of the high correlations found between the TE task
fi(c i ind the other factors (is shown in Table 1.

k x ,l (h c( ndM ted I)% RLIk k, 'l'hompson , and Stacy (in preparation)
N. 1h>S dll ctl impa t On1 the ue o task fo(tors in the IS) program. Jansen

stat-c, "the utilty, eliablility, and validity of training emphasis
r,itinq in term , o ISI) theory have been demonstrated", by the aforemen-
1u01ed atuthors. 11he tht'uSt i their r(esear h wis the development of a task
I r-',,njir eni h> dl e id some I i aili n ilt lority equations. The following

'-. 1 Ir arning llmphi>is
I'- '~~~i~ cha)[ ) tl) e crr':te(lritn(',(" ci[ lilt(l~it', i)(r'lol~lance

k,,tH t . H I t l% 'llI illc r u l til

&,-k de -it' ( i
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Fhe result.- ,)f Ruck, I honipson , and Staicy's analysis shows a very
l)~~fTsit() iv, arltw bctv cen -1 F at injs ind] several other task factors (see

ibf( 2 ) Ih 1(OfC11CLUSi0flS , eChe(d 1b% RLIO k , et oii, in relation to other task
adCtor S Lsed areC i ht 1 I raitigs a t, "( onst Ii u. I valid" because they can be

predo. ','I !)' gIHL 152 I, Aining !(t( turs; IL F atings are reliable since super-
* vi ~or sgl yetheir rtinr>in depenrdt riy iv aw havo. hiig h agreement with one

a flu I hel 11and, tIP h' rx ss 'Cd in Iheir s uLdy for arianging task lists in
o Irdecr (it trinnon il iar ok shiOUld be Id0Ipted by the training community to
impI~ r ve I I'11in i M) I Uir the r , I hc I ecommend that ''ll ratings be routinely

0 P C I , i d "t h1 it t he k-k~ M i ~LcieIC, ('sOf iFad eq ua I performnance and task
dwi.1a Iklt rdin. t.lkikr s be (olfected tor those speciailties for' which they are of

4 (nlinter e.- , siri(te reconienditi ![L r ling' inulude consideration of these
4!,1( tort-

i he 151) 1) og I am I il I hc Air I orCQ is- operui tional ly dlefin ed in A FP 50-58
j(7;; ) , thenI Outline1d In All HT)- (1I) 1 m all ISV) sources, there are
veil stated task faIctorS; Ihe' aIre:

i. No)CII(IIT ofbe of(iC I pembefoperormin

1. t''k !''irr !tnq (i Lt

h. FrregLrerlcV of 1)erforAIlanCC
I" r inJ rIg Io l l(, n11(1 I 11111

i 1 011 f(eVU' is( ULi0Iio in this patper, it has been established that
i rg mhtsi,, tht be -A task ht( lt ajvailable, and other factors are,

fer IWi 1seii~it-mil e LIMe I I It ing.- include consideration of mosL
(i ot h I~i,-k tactor \'rb(s.I he key point of Rk(k, et it's, report is
I i r irrringi emlrss lould be the most extensively used task factor when

I; inj 1he [SI) ilip1 r~ih I.) miikc ntining de( isions. Indeed, their research
I0! \ 1Jli'I \ ('! il fiAt ( Ornl'Ltit r pr ogfi m-, thait illok% for presentation of TE

c~r the ea I I ((. hrlMior\ for u(f oiaf1011 USe, tSAF(MC rou-
-' oe~u hi ( )fl h' t 11 1t r itrgs 'id i it of conducting OC( Upatlional

Iii h li 1,011( hj i twl'fI ttsi -ed into the (0onlput(T, the (I)AIP
tol I,"a I X At I Is I se I olerith, and efiirnatelk dIe~iant raIters'. This

II r l(1el eli Ui1i11 i 111 ipta f intr ra(f reliability for a single rd'er
it i' , a 'I t In nt 111 l' i i to ii il t 111 ( al aters Is .()t) or more.

AtI tc! 110 ti r - M11,r1iiI i 0nj\,+, of (i( ( Plitifili Iv, iny7 ten(m iningo deviant
I ih- i' i f i iii irt ill' r e\ iowdlo H elent(, tl of rce o n, based on the

or ~hn I hn~w~t 111iirtig far' the ( total g rou p At this
11('1,rh tl 0 ljv Pry ~ i t maril iteld 11 ( crx )1riirn'r to determine it there ore
.111 1 1,at -1-1,i lt I, I,, t heil -ii! if ito I( im y s g gesf I the presen U?
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t- t 11 d ~ [A Lfrli I4 Ipa k I IXA I I. Sha Id be
I2 I\ cf nlu~t Ih I itI II 1 1k t 0l iF~ c'2 t\ c*v~t I~a In Io ~t m ne

vt XK A.\ 1 1 t h I\ d& he pI'ocf-,s of !defllify-

ii~1 1 ntt~ dik i i'e dv Il! t I i oint
I t k k11 t lli, k11 "N hot, t I ldI k! iant t s 10r

!I I", I v I. ~ vc dl k'~t1 .I; It thk klcvint taisks,- ai

I 1A i k I u 44 4 1,-.p

hil'It Ink 11111itnd i-;e'ICh I es UIlS (I comporison of training

I, 1W 11hill I- 1,11k- \(',t, aIhu (it( Ussiofl pointed out the ipor-
III, (of Itings iII the ISIV traiining dlevelopmnent process.
inltII hta !k giil Ni)kiven kufl ho-% the PS i'OMC is, currently

!111 n I I. n lo I' h( 1)1 10 , P Os of this- paft'Ci IS to Ur'(Je the in('orpora-
litif id ntloeqr~itur tA tho It tining cmfphasis rajinq. as the single most useful

!(, o I 'Ilatikie it) Ih "Iiuning (ormuntty , ajnd to those %%ho aire usiflg
III-AlInst n il syv -m Iulu(pmnIit pproo.,h for mAking training decisions.
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th~ Iin fnw uerI e n ce ofI
VV w I, ti ti~ .t f d2 obei' I~(

2 h m~i :,t c '~ ~iijIi'o ; r(eedings of

1) 't'n , ifI 1Vfunt~lk (Iti( n ()I llk~iwj Pik w,~- inl I rdjinrnq Implia.i IS a sk I actor
i ~' dintJ ot IIhr 2 h Annil nn'r rn, of the Milihtar\- 'Iestinqj

liI~Iiw, r'i 1 njhtsi- 1irk 11 Ulr i),ttd Melhod-, of Anilysis.
- n:' - kbiook,,; \I 1 IN: \hI~no%%\r (Ind1 Per .jnnel Division,
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t '! h: 'mluLi ( oriter ent of tht \1~hiry I ( tiny Association, Indianapolis,

scpt eml VC, .
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iw it I1 'In-h~, .~. md I hum ,,k I). I I he ( olle( I ion and
't r ! r~r~ n1ui'i I~diii , for 'r 'l ILIn 1leeopm'ent.
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TRAINING EFFECTIVENESS ANALYSIS OF DRAGON SIMULATORS

Yre a'.d

''1~ ~~ 7 1't 1'j y~i -n systercretl1uta

I t -es-, ., -s aire constaints onth

ji~'' ~<-?cthp :rJvision of .1 broad ranqe of

t )e res ~'t, i ne~nt.* ftecs nd tral inq

n q ;t'( iro, lifferirin2 oniv in the traininq device(s)
St) sj2:rt th ie r,),r j . Three traimvnl devices were involved; the
!"n- o~,_t ty i'ltr ET ) , t-he 1 vjnch environ'"ent simulator (LES) , and the
7"' ~ tin' ~nt~-,or -iinnerv s/stem - 1>'Ab0NA[hO

re IT -n' eS wr aledv b e ,ni u sed 1 o r DAGO 1i aininq; the STAGS-wa
)j, Unt. The evl,.e& we'rk (-nbintd in 1tne fol 'Iowi nq ml xes to

SL 'T -nd LES (tbse case',

'T A-, ~ j,

A-5 and L"S

'-K ;i -e 1. j r n it, 4' re- u i 'led n t i t ink weipoc. It is fired by one ian
Crthe ritshoi l Ier wth a )i,,od sirportinnl the front end of the

I. i,;n,- or. T he t'.wo 1.) ior ,oironent- )f the DPAGON are the round and the
Iri r. ' i roi corsi sts )41 a gi s-,i l e )rerpicked in its launcher. The

r~v' er is nd tod r,) the round t~e fore fi ri nq. After fi ri n(, the empty
iin hris discarded or dp,)troyed (Ind th , tricker is used on the next round.

Tne ~'W~ in be fired It iiqht h efaiqthe day track erwt th
111_r 11 tri, en, 1A'1,TAS-5,

7 '1 oij ir ij't with, y-ATpN , the rijnvier ;)ilaces the cross',i-sr in the
1"t C )n th. I v,!,, I d de:)roes'P5, b~oth I thumn) sa fety switch and a
*n~~ K Te~is a l.6 s c-urid (1-1 iy before the r ; ket motor

e1~ ee t T K l le fr, th-? 1,-I ircher . The Inn -r con I Iues to track
tw hp Ar joti r i i~ I 1:i i cT). uri ni f11 iht anc infrdred ( IR) flare at the

*'I ~ ~ ~ ~ ~ ~ ~ ~ e- -i- her fl.mlv htr r cetrne the relaiti ve pos iti on of
'1'" t~ *n .The trccker sends niononds throucqh the wire

r~ f t rst omt mrs i the !ri ss ie I- correct devi itions from
'II " Inu -I~hon orrc tionms I re rwled,(I I sinq11?e~ pi r o f thrus ters wil11

r- h~t r r1 11Id "''ii



.... ... w r *. 2?t5 are

A.~~ t. ~

.* r s., jrr standard
- syste'l.

1 1 Ij f~jj< 3~ET ~jeentthe
* . - *, t~<~ t t';,n the

.C1 ls;t v: - %eD hen fires
* .*. -:t~the i1flich t-ibe.

s- 1 r, Us'; Ic,. l'2te1jrcher. The
4 s t f t~ Ie~ firing, neitner

-' ' '~V~ rV' ~r' "; .- <~er is. The ,lunn-r tracks

I jir t' riinin-. *h dl:vice operates tinder
t t: +1 '4' '~ In tri th' Y- rV rns firing, andi tracking

. '1 )er~ ,j< &.i:i~ w tnc -iv-niturinq set (samDe one

~~fi ~ ffr~Y~'nL and LE' is that the LES
1lm -1rn),0 r';ise hPeat, and obscuration produced

I . in rrri i- ir It j, )-r if ied to replace the o
~ ~ ,,.hich) cr prive mixture o

*'> *~< i i ,Pr-t in. qn ~ n~ n~'t2 i5, ard oxygen is
1' r, - i. ~rtf- r rit r- (1 1. 1 o i s tc K;) the 1APPP oas (and oxygen

~~Ar~~~~ 'i K mc~r amher with the
1' f I 'Ir o 1. 4ntn th- LS i, fired i ilown plui ignites the gas

A 1 ~ s',rei1 h'n , nl5 ok e th ijt approximates that of
~ ~i'. rt irAt ion i 1; rf~ue hy fraqmentation of

* rnj, -.t I !.jnr iir -In I :*i lst and! debris raised by
-T T* I I A < 'n - i te y the riownward

1~~~9 ', , i t:A ,~A h' f tn:, i und ier . Because
A ~ i 'f the A- iY has directed

1 .11t P no, E.'2 t hr f 1 *'" t i'w-s ocDr day or more than

Y

r~~t s r~ , ~ - J'd 1-T who
i' '**~ ~ ~ I .* ~'1~I 1si 1 on ini t tra in inq

to I , 1 thirtv snldiers were



.. . . C .t " Z .,r thr,ri N ;ove-ber
. .. ,.. . '. . . ,=. " - -. < - - ,. _ ,y ssijne to .one oic

f, i : iontv-se,.ee Derceo,. of the
, " -- .,--,* ., i - .i, p. re- ,er belno in the National

, " " -.-. , e:e ... -s- t,.es of so) 1ie-s in the
.... .~~~~~~~~~~ , S: 3 . , ' :tl ' tn<e~ nd hd 3 J

f. . ' nf; ntr,, Tralnpinf.

S.>erIon )f tne STAGS-D before

- -,,r i>-+1 .,s te base case. Tne
', t. ' nn of lecture and hands-

,. ,, , . , . .  s V et-rmine tne
.". . . -t,i ' and LS 3re used for

, -; i , "..s re] ,Ye t e soldier to engage a
' " ... q ,sr the LT and tne LES.

,- r st r.jr ructjred in the same

. .r ',,' . ' * .r.;w; t.. -,',V ititt on uf training
. . .. . .. .i an LES wi,. the STAGS-D, while

-D in ,lace of the LET. The

" ,.,, I . ,,. :-T'£} .}. , -o_ STAG S pure P01, "nd the

, A , e r''< D I f, 1i, c, I c , v with dn actual DRAGON
I . ' trT- , - r 1,1 t ra In ng and soldier perceptions

" t l er' i ,'i1 t, 3N v,.as assessed in live firing
1 .. a r .nJ - each , The live firtnqs were conducted on South

, , "-"nrf ,j j-jSlq Ir.rt , Ssiles. The target was a manned
,, , ,":,+ , ' ," TT' ;t' rivr ind LnK conm ander aboard. The

.i .n t, ft a-iri left to rIqht at 5 miles per
f" t' flIrinq Do n0,.

1,', 1.1 t rr ' reor'. n v deO tpe by TRASANA personnel
, ; 1, :,, .... 1- r sens , fAS , v , ,t -. The GAS consists of a six-power

., ,, , , - t, -f Ut f iler pt i bindlp, a color video camera,

. .. ... ... ,I on . trr. The objectivi lens, qhlch produces the
1,' I P ' , , I ,m t 6,-t . is atti(rhed to a t),se plate bonded

tin ,pt~ i ,, . ,- ~(rr Is the imrqe from the lens
, r r n f hrs t,) the c.amera enclosed in a

To K tr i t , 'in it- t lr,ir]e to a recorder located
I' st :-,,J , tap and Sli,)n1 rrious1y di oplayed

, " r r c1' v1',,Vi'' f thn nio w-ii, t. The engagement can be
I., r, .tt,,i. ni r, hit . , ss an, t- (list inquish between a

1 t I I'rJ -ir' * ''' t 1 I In. 1 'ASS.

, , ... I , '0, , , ,v .t', nt ( thif irvag, 1 transmitted to the
1 ' 1 tO "; V th,, tra<.ker rvt le by adjustment

- ~~~~~~~~~~~~~~~..-... -...-.. .............-.-........-.. '... ...... ................ _-. . . .....- ,-. ,. '>



I('Onfl1' I )cato on the bracket tht attaches tue 1 ,ns the base plate on
t tr r Th I ignment of th'z! 3"5 an,! tr c r-

1 ,fter -mst prnoSoe' it., staL> I S only small corrections
,.,re neissarv ifter several firinjgs.

nr', 'r, nc, .)f tpe reticle r,,l th, 4 1- & I 've firinr. ptmitted a
1.t 1 r, y SlISs if qujer p rFr'. r1". . The ",t. i lences Division,

Si or-,. .,nq e Operations Diro'ct'r tt at .h t.. ir!<, '-Iissi le Ranqe, New
' Y*. ,i1 , i; z-'ld the tapes .js ing man jal nd aito-.ted techniques to provide
t ,, .- t jit. c. ,- ian ner d I'- lF I err, r at vit i jous tints Jurinq the engagement,
tn- tirn-s it vhich certain crtic,1 events o(cur:red, and other data
"'-&, r LI 1 n the on,4 o nent

it t re lat Inq tu ,, 11er Dr-of Ic , wi th the; 5,,m I or s ere collected
,! jrln i itne t~o qua if ic 2t in f 1r, 1ri] ta I s ( ond!( te, i t the en1 of each

] , Th, s lot I . I nJ Ide the2 n.:T-,:r .; hits r'c jrde , rr, each of the
qualification tables, the number uf hits "ith each simnulator, and the
:, i ; i ,' -,t,; :, <'4 ,, h -. 1 r < s , t 'f h- s wptrfr n e on the

Tne pe-( ent i,)ns rf the so ldi.-rs cncernna the si-'j 1 tors and training
pr,,rao3rs ooere obta ined through surveys nd vari tten iferts -fter the

soldie:s had fired the live DRAGON.

The vi.deo tapes cJ the ive firings were a'.ilvzed to answer four questions
about. eacn soldier's performance d rinq his DRAGON t:nagement. First, did
the soldier achieve, a successful launch by reqaining control of the missile
after undergoing the launch effects (neat, noise, shock, etc.)? Secondly,
did the soldier keep the missile in the air long enouqh to reach the target;
in thir case, about eight seconds? Thirdly, did the soldier fly the missile
tirouqh a rectanqle containing, but. slightly larqer than, the target; that
is, din he cone "close" to a hit? Finally, did the soldier hit the target?
A co opar ison of the results for the soldiers in each of the three training
progra-mis showed no statistical difference in perfrraance among the groups.
In fact, the larmest difference between any two groups in any area was six

percentaqe points. This analysis did reveal several points of interest
(oncerninj the engaglements,. 1rlery half of all the target misses were caused
by unsuccessful launches. Almost all soldiers who achieved a successful
lanch flew the missile "close" to the tarqet. Many of the missiles that

camhe close t, the target but missed did so because of excessive tracker
movenent by the (linner during the last fLw seconds of missile flight. these
observations rovide the developers and pro viders of DRAGON (junner training
with specifi( aras in whivh increased emphasis car produce siqni ficantly
1nprovel per formance.

The v ideo tanes ai so allowed examinat ion of the r, i,d.um lef lect ion due to
launrh effects of the tracker reticle from the ideal aim point on the target.
rlasim erents wer e t aken in both the hor izont il and vertical planes. Aqain,
no dl f ferences were observed betwee.n the groups. It was noted, however, that
those sn I d i erc who h i the ta)ruet tended to hove a 1 lowed a sma Iler- dei act. ion
ofter laiinch in the horizontal plane tnhan th)os , soldi crs who missed. This

,en(h'n( v i,! , ,t ,i, th, v,'rti,,il plant. LQAGON qunnor traininq has long
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c :'ntr-, 1 f the tracker in) the verticall p1 ar to rt>'jgj the
oussibi 1ity of qro iniing the r-issi le luring or jjs)t after la un(h. T h,
result,, ".ot-" ab-)vp suinge5t lor'izonta-l control iC. at least -is impo rtant in

iiti~atev 3h1CAO ~tarqet hit.

Th~e u I s resItS s thlat rvo if ffer-rices, 11 ')t fo un r ~ the
tr~ni ~feciv~es ofth theetr'airnino Droir'-,. Si-ilir v, the twenty

vC ir' l1 t (vi lie c,-(,ts rf tne p)rotqra ns ,4ere fniin 'L beh nearly the sar Te q,,thi
t n,% 1ar et )-,t Iifference heirva ten percent.

T'- Ie ia I i f' i c iicati cr, e er c Is~ es j n it .ir Io us s --, io3r s we re,
nP Irt th U' live-fire rescits to deter-,ine if iny r elatiunships Lould be

* ~ ~ ~ ~ ~ ~ C fI >-t . slir Vefrane.i t' the dtcv ices and !Derforfyart_ wthth
I ~ A~n i t.or-i ,f tiriet hit or iis,. The tvienty jual ification shots are

11, i rt~A't~!c i Tah II t I 1 I V o f t Un ,h ot S e ach.
7h. f ~ ,zh -i~t, vh e 3(c s i rA is snn t>. j ; ) , fr entraininq

~ET S ST AGS P11re S 'IAS/L S

lIII It), LE S I~ SAB I_, Slb

%~l IV5, LET id STA 5, sFA
5, LES 5, as5

The qua1i f icat ion sAndard used i n prev ious DRAGONI gunner courses was at
least eight. hits on each firing table. When this standard i4as applied to the
results of the qualification firings of the sol)dier-s involved in the study,
thirty-one (621.) of the soldiers in the LET/LES pr-ogram, were deetmed qualified
wni le no on~e in thc STAGS oure programn and only twor- (40%) of the STAGS/LES

*soldiers were qualified. The qualificaticn standard wis deternined to be
inappropriate for the latter two proqrams, since all the prograns hdbe
shown to be equally effective. Considering only the soldiers in the LET/LES
Prociramn, the existing qualificatiou standard correctly o~redicted the hit/miss
outome of the live-fire engagemrent for 60% of the soldiers. By contrast, an

* al~,ternAtive standard that iqrored Tible Ill andreueda etniehs
on Table IV correctly classified the live-fire results of 6N% of these
soIs(i ers,. Stil11 another standard that ignored tne LET alto()ether and

reuied at least four hits out of the five: Li Pnqagemnents on Table IV
orovided 70% correct classification.

For snldiers in the STAGS pure orugIran, no rel ationships, werc tLund between
performanwe )n the STAC(S and live-fire perfornanrve.

For soldiers in the STAGS/LES P01 , i rel ation-shwi was, found ' that involved a
re-uirement (if at least one hit with ,,ach ,ini,,!,,tir ind aj total (if A least
Co0ur hits, among the twenty qlilliif ic tion sht. Ihis, reqiii rmnent prov ided
63% correct classififcation of live-fire performie

The iiost noti bl reSult. )f this, area or the inilyris i- thaOtfIre IFK sroets to
. i .pr)v ide ,o-ne re 1 t ion ship between pe2rforrminctc wit h the 11 si tl~torinnd

performnance with the DR~AGON itself.
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The compilation ?nd analysis of the survey resoonses and written comments
reve3led the following soldier perceptions:

0 all simulators, eycept 9ossibly LES, needed moe launch effects
(noise, heat, smoke, etc.)

' STAGS was much more sensitive than DRAGON to nunner movement

o 'TAGS hurt confidence and morale

o Difficulties with STAGS and DRAGON seem easier

These perceptions indicate strengths and weaknesses of the STAGS simulator.
Apparently the over-training provided by the STAGS in teaching steady
tracking techniques caused the soldiers to feel they had good control over
the actal DRAGON. The increased sensitivity of the STAGS thdt provided the
over-training, however, also caused the soldiers to achieve far fewer hits
Jjrinq practice and qualification than did the soldiers who trained with the
LET/LES. The soldiers hit 78% of all targets engaged with the LET or LES and
30% of all tarqets engaged with STAGS. This led to confidence and morale
Droblems among the soldiers training on the STAGS.

SJMMARY

The anavsis of the three DRAGON training prorns preduced the followin
results:

o the programs oroduced essentially the same levels of performance in
tne test soldiers

o the Droqrams cost essentially the same

o performanc ? with the LES provided information about performanc o with
DRAGON

The followinq results concerning DRAGON gunner, training in general were also
observed:

o half mf the live-fire misses were due to unsuccessful launches

o most of the remaining misses were due to traciing instability during
the last few seconds of flight

o tracking control in the horizontal plane during launch was just as
important as vertical control
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Career Involvement of Recent West Point Graduates

Jerome Adams John D. Richards
United States Military Academy Academy of Health Sciences
West Point, NY 10996-5000 Fort Sam Houston, TX 78234-6100

In today's rapidly changing society, it is important to stay abreast of
current developments, especially within the context of significant military
attitudes which could affect the readiness of our Forces. Much has been
written in recent years about career decision-making, planning strategies,
career involvement, dual careers (Adams 1980; Davenport 1984; Hall & Hall,
1979), and overall commitment and adjustment Lo carEer and vrganizati,,.
Moreover, Muskos (1977) has noted changes frum an institutional to an
occupational organizational orientation among members of the military. Some
suggest that today's military has less of the rational organizational
devotion and dependency, and more of the entrepreneurial protean man (Hall,
1976; 1979). Hall (1979) also distinguishes between moral and calculative
organizational commitment, with a shift being analogous to the phenomenon
observed by Moskos (1977). In terms of personal decisions the concern with
career planning and strategies utilized in making those decisions also has
changed.

The present paper reports recent research pertaining to career attitudes
and proclivities of male and female West Point graduates (Adams 1984, Adams &
Yoder 1984). The data to be reported were imbedded within the context of
larger, world-wide study of early adjustment experiences of US Military
Academy graduates. Specifically, strategies of career planning, degree of
career involvement, and overall commitment and adjustment to the Army were
analyzed.

MEIHOD

Respondents. The participants were selected based upon stratifying by sex,
work specialty citd geographic assignment. The samples reflected the same

proportions of branch specialty and location as the entire population of
graduates. A ratio of three men were selected for each female respondent.
The two year interviews were conducted with 116 members of the class of '80
and 104 members of the class of '81 at locations in CONUS, Korea, and
Germany. A breakdown by gender and location is presented in Table 1.

Procedure. The two year protocol was the first to include extensive
questions en social aspects of Army, Army life, and the interaction of an
Army career and family life.

Interviews were usually conducted at the respondents' duty station,
though on occasion commuting to a centralized location was required.
Incer~iews were generally scheduled for 4-6 individuals, though, in practice
they varied anywhere from 1 to 7. There were 5 interviewers in all, varying
widely in number of interviews conducted, but all interviewing individually.
Irterviewers also varied as to sex, race, and military/civilian status.
Interviews were usually I to 2 hours in duration, and were all tape recorded
for later content analysis.
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Results and Discussion

Several questions were asked about career involvement, officer role, and
!he Army lifestyle. There was a substantial amounT of ambiguity about the
meaning of the questions, both among respondents an6 among interviewers. The
primary difficulty was the meaning of "career involvement." Did it mean
attention on the job and career activities or did it mean intent to remain on
active duty after the five-year obligation. In this analysis, responses
which focused on the former alternative will be discussed in this section,
while those addressing the five-year decision will be considered with a
subsequent question on change in career commitment.

The most interesting results in responses to this question were in the
differences between 1980 and 1981 graduates (Table 2). About 25% of the 1980
graduates indicated that they were more involved in their careers. The
figure for 1981 graduates was almost 50%. There seems to have been a large
shift in career interest during this one year time frame. The shift occurs
for both males and females, although females are generally less likely to
become more involved than males. A similar pattern is observed in the
answers to questions on changes in adjustment. Class of '81 respondents are
more likely to have experienced a positive change and males are more likely
than females to have had a positive change. Again, interpretation of these

results raises the question of statistical artifact or real difference. A
significant proportion of the involvement change can be attributed to the
radical change of males stationed overseas. Is this an accident or did the

increased value of the dollar make everything spem rosier?

Answers to the questions on what factors influenced greater career

involvement or adjustment to an officer's role shed little light on this

issue (Table 3). Males in the class of '81 werc much more likely to cite
confidence, job satisfaction, and familiarity, but there see.Ds to be no clue
about why these factors should be more strongly felt on overseas
assignments. They do, however, make sense as reasons for assuming a higher
level of participation in an Army career.

Females from the class of '80 were more likely to express a negative
change toward their officer roles than men. The majority of men who
perceived a positive change simply felt more 'omfortable and familiar with
their role. The majority of women who experienced a negative change were
upset by different treatment for women and felt that men were just more
likely to take the Army's "flack" than women. The latter comment probably
says more about general attitude differences between male and female
officers, as perceived by female respondents, than any other expressed in the
interviews. Both groups perceive the same problems, for example both
identify similar job dissatisfaction factors, but 1980 female graduates tend
to be less tolerant of the negative aspe(ts than men. Perhaps it is because
many begin their careers from a more defensive perspective, as the first
female West Point graduates. members of the class of '81 do not seem to have
similar views.
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Only a small number of individuals indicated a change in adjustment to
the Army lifestyle. The most mentioned negative factors associated with the
Army lifestyle are adjusting to time requirements and mandatory social
functions. The most frequenyly cited positive factor is getting married.ISix o - ers were married in the previous year and this seemed to
signii .antly contriute to their overall adjustment or at least it made them

.V. happier.

NOTE This document represents the views of the author and not the official
position of the U.S. Army, or any other governmental agency unless so
designated by other authorized documents.

The interview tapes were transcribed by Dr. Richard J. Orend under contract
DAAG 60 85 M 179q. The research program was supported by contract 13 ARI
85-28 from the Army Research Institute (Jerome Adams, principal investigator).
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TABLE 1
Total Participants

Class of 80 Class of 81

Number % of Total Number % of Total

male 88 75.9 85 81.7

Female 28 24.1 19 18.3

Total: 116 104

Stationed in CONUS* 83 71.6 80 76

Stationed OVERSEAS** 33 28.4 24 23.1

Total: 116 104

CONUS Males 67 80.7 68 85.0

CONUS Females 16 19.3 12 15.0

Total: 83 80

OVERSEAS Males 21 63.6 17 70.8

OVERSEAS Females 12 36.4 7 29.2

Total: 33 24

P,-

*Including Hawaii

**Germany and Korea
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TABLE 2
Change in Extent of Career Involvement

Class of 80 Class of 81

Total Sample

Change in Career More Involved 29 25.0 49 47.1
Involvement:

Less Involved 15 12.9 9 8.7

By Gender

Change in Career Males - ,lore Involved 22 25.0 Al 48.2

Involvement:
Less Involved 8 9.1 6 7.1

Females - More Involved 7 25.0 8 42.1

Less Involved 7 25.0 3 15.8

By Location

Change in Career CONUS - More Involve 22 26.5 34 42.5
Involvemept:

Less Involved 8 9.6 8 10.0

OVERSEAS- More Involved 7 21.2 15 62.5

Less Involved 7 21.2 1 4.2
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TABLE 3
Factors Influencing Career Involvement

Class of 80 Class of 81

Males Females Total Males Females Total
Positive - More Involvement #___ # # # #

1. Confidence, job knowledge 2 0 2 10 1 11
2. Job satisfaction, enjoy

work 5 0 5 13 2 15
3. Security 2 0 2 1 0 1
4. Willing to put in time 2 0 2 3 1 4
5. Competitiveness 1 0 1 0 0 0
5. Think about it more 0 1 1 3 0 3
7. Married to another officer 0 1 1 0 0 0
8. Comfortable 0 1 1 0 0 0
9. Sense of duty involved

with goals 0 1 1 0 0 0
10. Increased responsibility 0 0 0 2 2 4
11. Thinking about change in

assignment 0 0 0 8 1 9
12. More in control 0 0 0 1 0 -

Neative - Less Involvement

1. Frustrat- n ("brick walls") 1 0 i 2 0 2
2. Lack job freedom 1 0 1 0 0 0
3. Current assignment 1 2 3 0 1 0
4. No other competition in

life 1 0 1 0 0 0
5. Problems leave individual

numb 1 0 1 0 0 0
6. Not ipMOS 0 2 2 0 0 0
7. Dissatisfied with commander 0 1 1 0 0 0
8. Not enough time with toops 0 3 3 0 0 0
9. Poor commanders 0 3 3 0 0 0

10. Can't quit/move 0 2 2 0 0 0
11. Not good career for women 0 3 3 0 1 1
12 Senior officers to me are

money oriented 0 1 1 0 0 0
13. Not motivated to keep up

in field 0 0 0 1 0 1
14. Not as concerned about

always doing well 0 0 0 0 1 1
15. Future in Army seems dii 0 0 0 2 0 2
16. Disillusioned by WP on

role of officer 0 0 0 1 0 1

2.
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Mentoring in the United StatEs Air Force:
The M4entor's Perspective

_aptain Francis Lewandowski
9th Og an iz a t o nl ", nte n anc S Q ua d r on, -2eal1e A F B CA

,i Fr~ :nstitute of Technology, sright-Patterson AFB, OH

s a i ow-on to Roche's 1979 survey of business executies and Ueacker's
194 jve of -i Force officers exploring the mentoring concept, this study

~xvnedmetorngfro th prspctve of senior Air Force officers who have
- - ~.been both proteqes and mentors. Respondents were 95 Air Force officers

sel~tedfor the 1985 entering class at Air War College. Of these, 58%
'esponded that th~ey have had a mentor and 48% stated that they have been (or
liorrently are) mentors for junior officers. koprsn er aet h
earlier data gathered by Roche and by Uecker with respect to military
backjr-ound, career factors, and effects of mentoring on the respondents.
Fur'.h.riore, roles fulfilled by a mentor were contrasted from the perspectives
o~f th.: rnrnfzn uer-iUS the mepntor. RpsultS for this Sml f-PirofCr

verified the prevalence and perceived importance of mentoring in the United
St~t- s Air Force.

introduction

fi-ntoring his been defined as a relationship between a senior memlber and
a jiinior menber of an organization in which the senior member is influential
in rn,lding and shaping the career of the younger member (Uecker, 1984). The
con cen Dt of 'entoring has recently received considerable atten-ion throughout
the fileld of management. Trade journals, in oarticular, abound with articles
ranging from cross-gender mnentoring to reasons why one should (or should not)
enter into a mentoring relationship.

[mnpi r cai work in the arpa is imnited to two recent surveys . In a study
by Heidrick and Aruggles, Inc., and reported by Roche (1979), 1250 executives

K-. recently appointed to their positions were survpeyed. This study found that
"noarly two-thirds of the respondents reported having had a mentor or sponsor"
( orhe, 1979, p. 14). The research also discovered that mentored executives
earned more monoy ~t a younger age and had a higher degree of satifaction

r ~~ w'ith thei r jobs ind their career progress. Furthermore, those in the mentored
groujp w ere be tt er od'i caited and more i kel Iy to hav,3 f ormulIa t id arid f oll1ow ed a

:acrplan. 1e
Smodif(- vnd -xpau(ed version of boche '5 survv'y wais recentl1y app lied iii

the U..Air F orce; UDecker (1984) surveye.d ?5? off icers tedn i omn
an,] StafF 'ol leqe, (ACS() and Air Wdr Col legf' (AWC) to examine the prevalonco
aind effec(ts of mentori nq in 'he Air Forc'-. Roso its of this su-'vey were

repotedat asty~a's 1i ltar Tctin Asocitionconerece Decer
reiorte at4) last orrigs noiirt' oun toea iont nno th e r i &tr

- Siflp 4L~ v'r~a Roce s64, ) , blit thp effect,, were~ simil1ar . 'I-, nt o re d
of f i ce-'s werp be~t ter tducated arid not e likely to have~ formu lited a La(rt-er
p I 3in Tnhe y vi !rio or e 1 1 kt- Iy t o h ia ve b c n p r o ino L2d eairlIy ( a p arall Iel tLo
Roche ' s f ind 1ny of earn 1 rig more mone(y at dn eirl ir age) and had ariea ter job
id f, coor, )roqr-,, si t i sfic t i on ('Jock-r &Dill i, 9)
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. ~T5Jif ch-s s~r~.y 11) v v~s3~ -?vivd

rn . n f he r ,. o .t, 1 y d by ,.'entor 1rn n.?I ping to deveIop

-,. s ,- - *. The Cury .4.1 rr-)5f! IWt', t .at,,orize t pot-ntl al

"l , '; ,tfIt-lpd hy ". and _eibowltz (19i, s b.i'nq pri- ary, najor,
--on1.y rl,-s, nr ro], s not plyd 

Rby s mensowed that

ISa t h i r r'ifntrs Orn11r ] I r in 7 ,ensp of role nodels,

'mit ,,i?, d id,' sirs 'at',r' tear c t Ir. r9C 1 ro -,aS % I ch as sponsor

*.rld ,'.t- tOr .ocKr &Di1, 84.

)lnc. the pre v1lence of nentor irg in tn'm Ai- Forct officPr corps Iad been

prevIo.cly suopy-ted, the thrist of this project was to reexamine the

r o,. nc , of mnentoring and ta fjrthot invst, at.- the phenon'non from the

1rentOrS' persppctive. To iccomplish this, a. sample of high-potential senior

ifficer, ,.,,s sirvey ,d to find cut if they had nrii mientors, if they had become

mtntors fur others, and, in general , to ex amine tneir point -f view concerning

t,, ,n.nt)ring procPSS qithin tre ,1r Force. The sur,,y, based on those of

noche 'j79'. and 'Pcker (1984), also attempted to estimate the perceive-

,f fec t nt)r hd on the c_ , rer of ni prote g- and on the ,ir '"orce.

"Iethodo oogy

The sa'mple for this study needed to be dra.wn from a population of Air

r )rre 0fficers senior enough to have had the opportunity to be mentors as well

.t.s to naie had mntrs. Air ForcP po] icy precluded ind y qiestionfnaires to

general officers who would most closely parallel Roche's (1979) sample in

,'w',eting this Criteria. Authorization to survey designees for the 1985

entering claiss of AWC Aas granted. These officers, 112 in number, were

lieutonant :olontels and colonels (0-5 and 0-6) coming out of a variety of

leadership and staff positions including squadron connanders, directors at air

division level, and system progran directors. Furthermore, they had been

identiVled, by the fact of their selection for AWC, as having high potential

f )r firthir advancement.

*P ro,:ed ,Jre

SCrioys ,',,ro iailed to officers at thir Juty addresses several months

b5-for> tht)r ,1lcpa,'turo for AWC. Participation vas voluntary, and respondents

,re a fir ,d of anonym ty. They 4u-re asked to mark their responses directly

or t ho rv y instriment and r,turn it in a postage-paId return1 envelope.

S- .i,., )f th f.pquont n ,tivo connot ition of ,nentor nq in the Air Force,

th, ',jrV - k:Ove I- 't t or d nt,d m en torino md r d'r d an ,ndorsiintt by tilp

W ,M,t .)f th, -h o mf Syst ms and Logistic s (a LJ(,AF 1-6).

T ht,' v l t'um -nt P)s ha - on i c k-,r 's (1984) q, i ot onni ire us,d the

.. 'r0 1i Y, j I. A2 ndA s t ud nts, Th. forinat of th- survey was

Siii Li >, t t n. oft irrs wut ld respond to it-ns separitoly from tho

p,', m-t i, of ig a prutee and fral h In1lq q erOntor. F ghtoun i tei,_

f. )f 111- 1  on h, ,)f ieor ic protojij, fourt-)rn x, a r 'rntor; fourteen items were

flnner . d with rJ ',Irab)1' chari( ter I st Ics of a men tor, and ten itrms addressed

1r urm h, ,r ol1d, i)Y)et Ion I to ry, Yl , Qnrr t at isf ict iorl. Space was
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Iv i I , t list nort in t hnt .h,' aC.is Ic% ,f a prot eqe in, other open-ended
cmr',ents ,nI sjqest' on s at t,?, end of tn" s.J"¢Cy.

C ~~S Sen Si VS, e to P,) n: 1,2 A~ p~ The
nd2 ,t¢ r e' t-eeI- conrm sson IE, (%" ,'Ic S _,7) or a service

no in 3- as r figtJ r J to 23 . 'ost hid a,; c! -nc-,d d4aree 9 and had
r< "Ii me be .tn-,_r Tt.P-Zae Drocotion Tne

I'e ~ihn i~~o r :'nd 36"' a I hDig h hne three
%(12%)

A* :n>. 95 rsaorqden.s , 53 ,'ep rted ai w1g hi i entor Who toKo a
eon Interest in them and gu ided or heped Thd the r careers. is 61%
"- f n r o the r4% ,eported by Roche .1979) for thera ,ringr Q is very close to ........

3 r '] ......- • ' - ,o rmnl o r'm.t- noio e J , t r l d n r uu t o n a ,

cOPi]ring tne percentages, no significant lfferenct -,is found. The median
eesponse tor the number of mentors eias two, with a range from one to six.

*.lost (23 of the 52) said their mentor had first -.xhibited an interest in them
nn Ily fAirly recently, aftPr the tnth year ff srvic. io .The mAinrity (35)
indicated that they still had a relationship with their rientor, although most
of these (24: des-ibed the relationship as "friendly" rather than "close".
fn, 13rgs,,t group (26) reported having hal a general officer as a mentor; the
next largest group (12) said their mentor was their Immediate supervisor.

, -qhn asked hOw mich irnf luence their mentor had exerted, most said it was
s'jbstantial (25) or moderate (21); only a few chose the extremes of
-ext.-aordinary (5) or little k7) influence.

In the second section of th, sjrvey. 46 officers (48% of the sample)
stated that they had served as a mntor to another individual. Two-thirds of
these officers (30 ' the 46) report-d that they currently had one or two
proteqes. Nhen asked how long their longest mentoring relationship had
lasted, the nodal response was a tii between two and three years. This
finding iay be an indication that thps, officerzs had only recently moved into
positions of command and leadersh'p where they could be mentors, or it may be
a result of the very mobile Air Force way of lite, such that relationships do

N not extend much beyond one assignment. When asked how much influence they had
exerted over thoir proteges, again there was a fairly equal split between

N subta1tial (2 nd moderate (Z4) 1f Ij enc- w ith none reporting extraordinary
j)r lit lttln nf 1n,/e.

Z7, 1ff0<, t o f "ln tar Inq

This St may fa 11ed Io find iny Ia nf IAnt differences botween mentored
-nd unmntori-d qroups with regard to formu lation of a career plan, job
satisf-ction, or tarly pron t irn,2 i hid ,,on f,)und In the pre-vious research.
l- However, th,. s'n l I simpl'e size of this tc Id) aiy have been a 1 ,miting factor.
A it f1int f11'"n f erence w O f ouid h tweon q0 lp, , th respect to career
proqrSS satiSfa' i I (t--.,5" p .)), w th tr mnt or ed qroup reporting
IqreItr satistction.

'1> !i8



c tn , 46 )+f cers qho Ilad s,?r'¢ej j.s ner ),S, thqere Wer,, no si gn, ic ant

e.th ,espect to eaely promti. ns,  r career progross satisfaction;" ~no ," 0 :, ?.ey '1,3 AlSI g:n1 I I CaI'ly" highe r  .job. s~ti:sf t ion t n teir -:-

,, i I" ipor ar;s v: h) n ad not been ,men tors : 2 .2 '-  ; p' .05). 5

o e.;f n~ t~ nr

V. x " e n-. persecti of both
T' ssrd a , can e t''e ftor sIcd ( r arol

prye? ,d -,entors. T s e for I r ? t e t group th 4wo6
Denspt e 5t proteges ad eSrs lS3n ':ecur'S "1984 rese s for protegPs
irom similar spl. o f the te ol .ten rolcS dentifaed by Loa and.u '' 't '~c ',.  , responden s ,e - 2 k d to) 1,1 - -ar~e. I the -Ole ias "most

,po-tan t' 'assigned a scale v;,]uIe of 3 njiaor 2), secondary (11, or a role
3 -?' 0 ."Pan ,'espons,?s for ta-h roje *r this study's rj f4

'r nor,51proteges, ai ,e's (19-34' group of 0 proteges are presented
in T~ble I. Rantings ofte! nrles 4ithin eac'h group are also oresented

for Pase of comparison.

Taule 1
Ro!es of the Mentor

AveraqeRati-ng Rank within Grou,_
A C AWC AWC & AC

Oeten tors r PtS rot
(n=46) (n=58) (n=106)

Advisor 2.158 (1) 1.706 (5) 1.853 (2)
Counslor 1.932 (2) 1.708 (4) 1.598 (5)
Motivator 1.798 (31 1.734 (2) 1.800 (3)
Role Model 1.711 (4) 1.840 (1) 1.924 (1)
Guide 1.675 (5) 1.321 (8) 1.500 (7)

14, 'K, Teacher 1.611 (6) 1.344 (7) 1.441 (3)

Communicator 1.551 (7) 1.093 (9) 1.505 (6)
Supporter I.5CO (8) 1.511 (6) 1.613 (4)

.5.) Sponsor 1.343 t9) 1.716 (3) 1.426 (9)
,Protector 1.095 (10) 0.713 (10) 0.964 (10)

,- - - - - -

Ratings and assigned scale values were:

Most Important = 3; Primary = 2; Secondary I
Not Played = 0.

,9ata adapted from jecker, 1984.

The largest difference in ranks occurred for the controversial role of

"sponsor". This term, which often carries a negative connotation in the Air
:...Force, was rated relatively low by Uecker's (1984) sample aod by the smaller

" group in this stidy 4hich rad,( the rcies froma the perspective of being a
mentor. Yet, when rated from the perspective of being a protege, the

respondents of this study gave it the third highest mean rating; in fact, it
received the largest percentage of "moSt important" res,2onses for this sample.
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-~ 0~ ~ A.. 1' X~r ~ *I)-?th hl gn-,st 3bsol1 ute raLtflQ

-.-~. 'tr ap. se; e~ r 's . h,. :n the
S rat?* ill '' "i-'~ d ves' by both

>c.~- ~/' *~ ' ~ j.~ - d ')y t'il ~~ rs.

- -~. '. -~.~ $ pey 3~ u ~nthe A~ir

r 4 S~4 rit~si s. :r ~ne 's

le -h- - 7'jior>t of

<: l a Z~y - 'tine 4C off ic.:rs (6" in
s ct- i ~c'c r1o s. d

f4''l tnat 02 of t -xe:Cjtlves a or te es. Int h is

-ot f t'm) hd pre ,iic.,isly ijd a rentor, s,- tie pnenomenoin seemns to be

t,-ti ,-- i c- r'fr s dho) h id innt ors h ad
~ ~ p!~J4~5 at~fatioAnil-~ trose eiro served as mlentors had

h. ri -job u>jtlsfactiofl. lres resulIts ire consistent q~ith previous findings
che, 97.; N>tr, 19842 nod witn the effec-ts predicted from career

v~-~pm.tlnteorlfS 11SCuS55ed eisewtiere (D-Iila, 1985).
,trry to P oc he' S 9 f indings, no difference was found for this

s/ I m l? ct i Y r-jar d t o f)rnu 1 at io n of i c ire er pia3n . It shouild be noted that
~erC foojn an relatrisi p for his tot 31 simople but not for the AWC.

rpspond-Ints alone. Th is differenc- from Roche's results may be due to the
centralized r'oassignment processing within the Air Force. Respondent comments
i n J1 td oat 1,"n eed s o)f the Air Force' and unifor-tesepr career opportunities
s ori-2t i-t!s d ic-t -1ted C are er plIa n C-h dn g es .

K 3rl ng tihe rol es of tne ime-ntor, proteges most )ften described their
44- entor -as a role model , although the mentors ass igned less importance to this

f'jincl iori. Tnois di1f ference sen flat jril si rc(-, it qoljld be dif ficul t for the
mof~tor tf t-llI to whit Pxterit th protege is obstrving and striving to emulate
iIs 5e hajI I r . Too~ rist important roles- fr.om the mentors' ;perspoctive were
those )f drj, sur , -mjn sluor , nd rloti v itor , role s th it are mnorte ac ti ve Out not

- -hig~.Idir.-.c iv-- . Pr-., teges w'jrtc in agr.-,nmit with thtf rpl ativ e imnpor tance of
the.- mot i v ~ rolIe bit seemed Iless w ill i n, to adn t tnait the ir men tor's had to

In~ '1 tn-ml. Tn iA i f f erencoe mn -y tit, d w' t, sre,, )f the neg it y e
C r~it tnn~to th ti-trm ,I

61v44 Tert- V.~is I- -n ir~ e t across ill Qroup, t'hat the inn tonr does niot
r-v i ipro tp tor to th . proiteg' , or It liast does, so very infr,'quently.
tis notoworthv hat the ntor ass ge retriotnCe to this role

( than e it her g ro p )f p ro teges ; fLirt',h er st uijy o f t he occ urrence o f t h is
fur.t-1Onjv be lni- i t-d. Resriomil~ti s +1so) t,,nded to p1 ay downi the importanco

of the )-pcur r olv, wi th the- PxcoF)t on of the proteges. I t appears that
hp. mn So r r u )f HA' oft icr-rs pprcj i 11 trilt their mentors had

)v 11~j m-d 1 :mwt~n opportlrli t i-s, tor tfjo-n ro I gr,.-utcr fextent th,3n d id Ue( ken'S

0~:%



.19 4 combined sa -,Ple of AwC and ASC studaents. However, the low rating by
twe sar mL 

J9rp f officers ihtn :iewing the ro es as mentors is puzzling
-turtner re&, rcb on -i9or-re Jetiiled definitions of the terms dnd larger sampIe
s1zs 71-y be the xily way to rso e or clarify thase differences.

.mot~ns at toe end of tne s'irveys indicated that 'iany officers
*understyOd ~)ni pportej the jse of mentoring in the Air Force?; however, many

Shrsh, nog3tive ioronts re;.!,L1 stereotyoes )nd nisconceptions even at this
swen o r 3 ,.;e'. ,n E-rr F jrc snould pul i ize the reasons for, and
notentil benet t s of, the :nformal fnertoring process. Furthermore, research
on "entarinj ih)J ~dcndbe -panded to both a broader scope and
ni4htr leve of officers in order to better und-rstand the dynamics and
, ffecus )f the process.
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1-etarn toa E -at Ze aee" Pat- Chanoes:

Pre-C ,anpe Datatase Dee 3 pment

Robert E. C!, atf ield
Robert F. MOrISCf,

Navy Personnel Researcr and De~elopment Center

The p urpose of tnis stud, was to establish, i4 feasible, a

pre-change database that the Nay could use to assess the

effectiveness of malor re.isions to tre Surface Warfare Officer

cSWJO career path.

- Ba~c kor ound

Tne Surface warfare communit h as traditionallV stressed

,'at 11a office-s he genera Ists t wth 01versified 'o, e per

" anc e Pece: .ee to be ca,-ee enharoi ino. Howeer, recent
pro2ra6 an€ career assionment pol IC , zhanqes have implement-d

chaQe C, that increase eia4 zat.:O' oriOr to the Eecwti-e

Officer XO, tour. The oriqin of these sinif icant cna,,oes tc

tre Surface warfare Officer kS.0i career Path car be traced to

K' ie " 5rae Warfare Co,-manders Conference .SWCC) where the

iSSue cE fleet readiness a,-,z itS, relationship to SwO tech,-ical

competece an experience was discussed. The SWCC concluded that

thE- oenera! 1t approach tc olficer deelopment actuall, under-

mined an, degraded readiness t, not allowinq officers to oain the
V. e Q u.s1te technical e oerlence required to manage operate

*toda,'s como ie, shi;pboar-d sTtei-s. The follwn FY81 statistics

were cited to support their corter'tion:

-On I, . of engineerino department heads had prior enqcneering

-- On, 38'. cf o noeratiors cepart.,C-rAt heads had prior operations

experience as a dicisjoro officer.

-- OnlV 48". of weapons/combat systems department heads had prior

weapons/combat systems as a division offirer.

In every instance, fewer than half of the officers had ant

work experience in the tvpe of department that they were beino

asked to maraqe.

A . a di-eLt result of the SWCC concern, major revisions

were mace to SWO training programs and career Policies over the

next two year period. The Goal of tne revisions, p-omulqated as

NAVOP 1(51'831 was to de elop more technical ',, experienced

officers at the keo oeoartment head Ieei, which would in tu, n be

exoected to cron.ote an ir-reasO in the oerational readiness of

S, A-, a jec-ar tmert head, th" SWO must manage the mainte-

nance operatIo.r ald empumver't (-f complex nbstems/platforn

-. .) - . .

' 4 " 4'



T.,-7 new career path is talIloeo to pro'.ide them with the Opportu-

nit c to ar. specialzed technical expertise in. the first l:-:E

ears cf their rha~y career without the epectation of beinQ a

oer~ist. pecif ical,., the new career path is structured fc

e-zazii C.r in one of tne three major surface warfare areas:

enz irnee- i 1 cceratis, and . weapons comoat SyStems.

A,:;ocates o the re'.ised SWO career path insist that thiTF

h shift to-aro soeciai1zatior, was technoloo-dri en and Ine\,itatle.
Howe er critics argue that these newly created "specialists

will encounte- difficulties at the XC CO le\,el where familiarit,

witr, the en ti'-e ship is critical. O l\, ti-ne, and a well pla-,.,ej

e\aluatior of the impact of the reisions 1il1 prove which c,

these contrasting views is indeed correct.

-c erai ot- et i es, of t he s tud, were:

Identy, ei;tino measures of ship department read'ness a'-,r-

Build a pre-chanqe (prior to implementatio11 Lf the rIe-.

caree- path oatabase consistin, of Fte2-FYa4 data for the most
prD- i l ,n measures.

3. Assess the, consistenz, across measures and the stabilit. of

Ini 1iLual measures ov'er the three *ear time period.

'4. Identif, measures acceptable for )nclusion in a pre chal'oe
database that the Na-, coulo use 3-5 years hence to evaluate the
imrnact of the career path reisions or fleet readiness.

*As the Qroect was of short dur at ion (9 months) and fundiro
was limited, it was not possible tc design and implement proced-

ures f3r e~aluatino career Qath effects. Therefore, the stud,

wa limited to Investioatino the appropriateness of usno

existinq measjres of ship department readinpss and performance

to assess the impact of the chanqes.

Method

A multiple measure, or "performance profi le,' approach was

taken undjer the assumptior, that no s irgIe performance measurE

could acceptably serve as an e~aluative standard for the new

career path. It wa.s theorized that by focusinq on essentially, j

battery of readiness indices, the impact of the new policies,

could be inferred. An analysis of inter-measure consistenc, and

year-to-v,?ar stabilit. of individual measures would indicate if

the- multiple measu, e ap, oach was appropJr iate.
h- o differ ert classes of data were used to build a p)relI1

ina, pre-chanQe database. The first c lass, vieldinci "shic

dat a iroIied den tif inq e ist irC] measures of departmcrtal
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readiness arc p~erformancLe and cc! lezt no data for th-ose sat isf-

Ing cetclt criteria. Tr-e second clIass pr-ovided 'pe:nie,
Cae t a t miart11 describe th;e Qertorm-ance Tf dp:artmrent heads as
refleCCted, In- the p2er-sonnel reL-C'dS Cf Indi.iduai6 officers.

r) o- 0 I tocC det er 7" ne which er-ip, date measures of readiness
-ere arpcrop I a te fc-r icIu s 1on r)inr the pre-chanqe database, andi

to C ro0 Ce a *rea -s of cross-measu;re coimparison, nine evaluat I e
criteria were de~elop;ed. For sxample. numeric data were reQuired

for quartI tat I e summar Izat ion. -di)cal, cre ol nt
be inflated such- that Imorc-ernent potential and variahilit,

suf fe- ed. r, aener a I measures had to be oDjecti~el, scored,
foc's onl department read perfo-rmance, be a'ailable In a format
Caci tati-q -apid computer ar61 sis, and be well accepter- 0, the
SWO C Omm un It. , hese criteria viere de~eloped to add-Ess issues
of relianilit and validit. while also reflectinq retrlad

constr a i-ts.
Oer f ift, irter~iew5 V4e re --011d1LiteC ,.I th senlnr le e

0 ff z e' an e Sr fa ze Warfare communt, to identif, e~istilQ
easure of ep-m' rednss. I nfor mat ion, coll ec ted ab3.,t

mEas_-es Inclujd e: m1eas1uene-t cvdle; scoriro procedures; fleet
repkutatCn, et:- Trle Inter,.iews vielcied 21 cniaemaue

MP~iAr~lPC5 Er e thr.n id I idkua i I scor ed on tlhF ni1ne PvA i,;ti- r

criter "a . A measi-e ",5s el iminateo fr Om Lc n S id er a t ion If , ts
standinc on an. criterion ,,as compietel\ unacceptable.

ter-I a, r-owe.,er, data f or on I three wer e actuallv collectec

and an, ed. T h c t hr ee - cema In,.nQ neasur es wer e no t i nclIuded
tDocause . s-ubstantial amount of clerical effort would have beevn
reQulrez to CE-tract rele ant information and transcribe it to a

fo0 mra f a C Ita t InQ c o mut el- anal sls. The three ship data

measures included in. the ore-ch-anoe database were:

1. Propulsion Examiniino Boar d (PEB) Assessments (both the

L I Ih t 1no Of f E, am Ina t 3orn LO and Operational Propulsion Pla,-t
Examination OPFE;,.

2. r 1u' Ie ar Weaponcz Tecmnical Inspections (Nucl1ear Weapocno
4ccer-tance Irnoection Nw( I) huclIear Technical Proficieric,
Inspection WtTFV; and Defense NuclIear Security I nspec t in

(DNS I

3. Departmental E~cellence Awrds (presented in conjunction
i th the Battle Ef fac leroy , wardcs cyc le).

Two ty pe s o f p er-so nnelI data were collected: 1) The propor-

tion ot departm-nt heads failin' to complete their full tour

durinq the FY6--F8-4 period; and 2) The annual number- oC depart-

Ien heads i",olxed in a DetachmentfoCas (DCacin Tn

for-me-~ !: of ten. i nforT-maII. i~d I a ti o )f p )or job performance
whilE, tl latter- ic the fur nisl ajmirtistr ative action f or r eI Pe.

1 i anC cff 1Cer o f t IIs du E7 Thc- a -numpjinIo r, i s t ha t t he n

dlence of both of trese Lc Cn C e;ncen'f won jld( dec'c ease i f the newj

-~~A 
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Snip data were e~aluateo b. se.eral different methods tc
determine if their Inclusion in the pre-change database jas

appropriate. Plirst, eacn measure was examined for year-to-yea,-
consistency. Substantial fluctuation or variability in pass
rates across tne three year time period was indicative of poo-
Scor.sister,c, and "reliability.' While perfect consistenoy from
,ear-tc-.year was not expected, 10%-15'/. variation was the ma> iun
acceptable. Second, measures were assessed for trends in risirco
or fal linc pass rates across tte three year time period.

. Finally, cross-measure comparisons were made to ev'aluate the
e\cent to which the various assessments of departmental readiness
were in agreement.

The generally poor stability of ship data performance measures
is reflected in Figure 1 which creserts LOE and OPPE pass rates
for seeral snip types. Substantial vear-to-year fluctuations in

pass rate pe-centaQes are e\idenced in the variabilit columns.
For the LOL, .ariabilit, was unacceptably hiah both ship
tpes preserteo. That is, yearly Pass rate differL.-ces rarcino
from 20 '-50'. do not pro i Ie the staole performance baseI iL-
reqt'ireo to e~aluate effects of the new career path. While OPRE

-ariabilty was marqinally acceptacle for DD/DDG (lII./16".), it
was complete], unacceptable for LSD/LST 50%/89V). No consistent
trends in pass rates were e,idert fLi either measure. Pas :,tc,
appeared to rise and fall in a random, unsystematic manner.

FIGURE- I

Examples of LOE anO 3PPE Pass Rate Instability

VAR IABIL I T
PACIFIC AILANTIC (HI GH-LOW.B

SHIP TfPE 1Q82 1982 1984 1983 1984 1985 PAC LANT

LOE E am
FF/FFG 100 67 88 100 88 LI 33 20
LHA/LPH/LKA/LPD 86 60 60 33 5 0 26

OPPE Exam
' DD/DDG 76 65 68 75 71 88 11 16

LSD/LST 100 67 50 100 50 13 50 8

All1 numbers expressed as percentaqes.

in contrast to PEB inspections, NWTIs displayed rather
Qood stability. A summary of EWTI pass rates for four shin
'pes is pr i 1ded Ij, Figure 2. Seeral of the variabi lIt

;ercI r, taoe fall below the t.-15' tzjlerarrce pre iouslv dinci s-
ed. Pass rates were exeotional 1 st;oIe for Aux.il1iar, cla ,
ships , e e thc-. ' ar ihlit, was or. 1 4. 1m the Pacific -1 1ot and

t i toc Atla, ic fle, t across the trO - ear pe r 1od.
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FIGURE E

4. Examples of NWTI Pass Rate Stability

RVARIABILIT\

PACIFIC ATLANTIC (HIGH-LOW)
SHIP TYPE i982 1983 19894 1983 19894 1985 PAC LANT

CG/CGN 83 100 100 89 100 89 17 11
DD/DDG 85 88 74 81 8" 144 4

FF/FFG 81 92 9i 93 90 75 11 I8

AUXILLIAPy 72 71 75 B 74 79 4 7

All numbers expressed as percentaoes.

Inter-measure comparisons made on a year-to-year basis

indicated that there was little consistency amonQ readiness

indices. For example, there was essentially no relationship

between ship types' pass rates on the OPPE and on the NWTI.

Althoug all measures ostensibl assess the operational readiness
of ship departments, inter--measure consistency was lacking.

The final ship data measure, departmental excellence
award=, displayed both excellent (less than 5% variability) and
poor (mc e than 35% variability) stability. There appeared
to be some type of interaction between ship type and award
cateqory as awards were often stable for one ship type but
highly volatile for another. Because of this inconsistency,

departmental excellence awards do not provide the stable perfor-
mance baseline desired.

Analysis of personnel data measures revealed that neither
was aporopriate for inclusion in such a pre-change dataoase. The
percentaoe of department heads leavina the )ob early was quite

small (maximum of 10.j'.) and no year-to-year trends were evident.
Figure 3 provides a summary of performance-related DFCs b',
maor department for the three year period. Once again, very few

department heads are represented in this measure as there
were a total of only 59 such actions. Variability of DPCs

year-by-year was greater than desirable and no trends were

identified. For example, while DFCs were steadily on the rise

in the Atlantic fleet, a similar trend was not evident for the

Pacific fleet.

2K
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FIGURE 3

Performance-Related DFL Actions for Ma)or
Department Heads in FY82-FY94-

ENG OPS W/Cs TO[AL
*YEAR PAC LANT PAC LANT PAC 'ANT PAC LANT

1982 5 3 0 2 3 0 8 5
1903 4 7 L4 5 2 0 10 12
198'-.L4 12 3 2 3 3 7 17

TOTAL iO 22 7 9 8 3 25 34+

Con iuslons

Anal'sis 0- s~hip d a ta performance measures indicated that
such indices w~ere not stable enouph to establish a Performance

1 % baseline f rr assessment of career Path influences. The NW1I
N, as *th c r measuve to iQ a an. promisep for such anr ao ~ca -

tion. Ir addition, consistency aon mGTQ(iul1t iplIe measl,.rrs of
Sreadiess and performance was not evdn. Results from, ore t'"Pe

of e~.aluation were not in aoreement with those from another or. G
year-b, Year basis.

Per-sonnel data measures Proved to bie equally unacceptable for
evaluatinQ the impact of the new~ career path on readiness. In
both instances, the number of department heads represented wa
very small and stabijity, was lacking.

In conducting analysis of these existing measures of depart-
mental readiness ano performance it becane ev iderlt that there are
a Var-iet, of factors beyond the scope of the department heads'
control thzt can moderate results. While a number- of situational
(e.g., eXper-i ence level of department personnel, CO influenc~e
factors are essentially randc-im and other miscellaneous factors
(e.g., ape of ship) can be statistically controlled for in

R-21 analysis, there remain a plethora of systemic factors 'hose?
Influence cannot readib., be identified. For example, such
factors as the fleet's operations fempo, changing e'.alua~ion

standards, budgetary limitations, etc. can dramatically, affect
readiness assessments. t he inf luence of these systemic factors,
undoubtedly contributed to the poor stability of indi ,idual

7-.-. mea-sures and lack of inter-measure consistency.

I n summar, mul1t ip IE? measures of departmental readiness and
perormance e.aluated in the present study should not be used to

stabilit, docuimented fo-, ex IstnIg-l measlires of ship department
r ead ines arld Per formance, it In rec~mmelljeci that th(. Nay.,
c onduc t a cI t Ica I r Cvi1el , of these measures in an effoi-t to

4.mcir o..e thEi I r eI iati I It , and ,a I id I t .
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To vtiure t.i i .'Al- ffficcer. w Ii .. k .;k 1 s LO ca rI ou! t r
!.ade: <ip arod m-i ra ,  "sp '. IiI ti .s , L:,' ,i r rorce provide a variet

f e'ois inin m I sostc ,isi ,nin Prof, ',sonal Military F, _-at ion (P'.E)
c,,r e-" "' ' c , , h:"-, a' T_-,:,, icr.e 'Lr. s i, ,, em n e , ,-h , v

e s are L -'Kv I-,-.po, - V. ' w fe USAF p t r so ni I h A r
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:ow'u 'ii 1 c ')at; S01 i LtI,V, w ,, Id h.- -, ", iidate or I ed-:; sz r h.-

-nr I :l ,-, oF - or -, .n r .. -. i , ( I ' , U. z'd ' r  t.' ,' . ,'A ".

e r n' I 'a'eIde r-i , naagea: : -t, .rd - a ;..n ta-,'( Dwrform,>J ' v compary,
',id " Iold c .- dc - ,- r,; ,,i r' rm th2 r.ev, of, or ben,'fii F r'r , -, f-

DMP z. : 1. o.S, q -,U f,( -r. n ,. S 'i , io i,, M!, i' rc, s ar, -,Ii( I A.-
S'j . - .ff 1 '> 1 ;I." .c', ('I'S P'. " co:mi ;s I '

".M1; '' '-' q ', ", 'ri z',, D '- tchool ' C" f' ,r ,'i i offtrr',, Air
Ci n a .I n! Sr a f o! I,e 'SC) f$r m;,!dl, Iv . t'c , aId Ar War
Co1' -.. . '. fo'r ',> .r s*'i'e

co .', .) H;' i D))'f(('

n.. . .. (hiA [ ,, C'} , " V, ' aind used fiv , qoparlt,> ,,irv(-

ins' rrm t > col t.'r' data. th. f r-I )f :',,so was a La,,k li1 L cunrti'ri g
3.47  ma ' l.' r , n , an w.,'i it, ia , c,,n unh. i .c , k under 14 d'ty hading,
7- , - ck, w-" 'o b," raIted 'v SIj'vv )I,' ! cllt s o. a i-- ,cil

or I f, tr i V 1 ) l " T1 1i t ) 0l 1 ('Ch ,,1,k1, L klI:',:- td t e
L r nL -n c' , , r I 1, .l, p, ii i i-i ,om lc t , and co'rlnur Ic 1 I ye

t ~ i ; t frm. I.

, ] , ' , , !t '' i ,,-  l t :>,'m 1, c l> t r ,h1 i p , ml iitn ,,oe li i
, I.. , I," t ( IS,' I W'i-, 'd it . . 1' " l -, t ed via :,,k J]IfficKl ,,y

b I ' I'ior Ii dficu ' t I. ( i £1I',. -' ,I im ol' i, t ' .' n id,-I t, i c rn t, o
L: t i - I l Isf ',, I. , R,, po r t, w ,re a .J to r t, V h l a-, , k) n I
, i '1. ,c or t) it, I ,liy di I 'tIl , c olp.lired o e ei :' r
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~ i -*,. an I 'V-1Ltor v w, 1 1) he srs, 1, adersh i nmanagomontan
c ~ it I V (e a sks i Jscu-~e i bve.r onntsw~zr" aIsked to) rate each task

on *-p r:t s- ieac ~ri' its nedin Air !:OrCe e'dTXat i na1 nrograms;

A f~rb-tof dati was :,,"ctod vIa ,I survey co)ntainin-g .1 lis! 0,f
2' oi csrm th fc urri,ul ofofie PME cour~vs. For each Of thkose

I 'ics , res-nconts 5w-re- ikLto rate te PXt, ni tO which knowledg of, or
kIlin, *-ach topic was nect-;sarv to p-r fori the ir p)resetnL job) (neod-in-jVh))

1'iiI L th" same, list Of tOnic:s, roer.ponidents to a fifth booklet were
a to, ', rate, the extent to whic', -wwld )f, )r skill in, each tonic was

n,'c-sqirv I)functioni as a Caree'r officer (need-in-career). An -in scl
wasasd to r-te' th. to-pics in both Of these sJrvevs.

Th urv-urv,,s were valirate] and ipproved 'by rprsenta : ye5 of the
*vani ov; PME schools. Random sampl-s were Se'lected for administration of the(

z)r - et)-woP.i Jr n., 1983 and April 19)84. R-pr-sentative sampies ;;cro-SS the
sur,,v were ache% ,j .2-

RFST 1, T S

Tb")( analysis of the- task performance data showe-d a ~attern of
in~r":-sinz ivolvement in leadership, management, and communicative, tasks a"
)":icers in'-reaspod in rank from lieutenant, to colonel. Supporting this

pa enwr a htshowed thel p-rcont ages of officer-, who had soupervi sory
r.,spi),);11l11itips I nc rased from 38 percent among ieut enantLs to, 95 percent

acn -colnels. Additionally, the percontage of totaljotiesntnth

* ta,,;ks in the surv'-' increased from 56 percent to 81 percent, from lieutenant
to colonelI, respectively. Related to these was the organizational assignment

* pattern, whic:h Showed the manner i.1 which the percentage of officers; assigned
t, o rgazn i zat (-n, levels as rank increaspd. This pattern of increasing
invol)vemenL is not surprising, hut it. does; i I iistrarL the changing nature of
most officers' responsibilities. rurther , itL prov ides some r atLionalIe for a
continuing muiltiphasol Professional developm-;nt program.

The, data showed a great amiount of diversity in the tasks performed
acr oss caree(r fieIds and ranks. 3  AL the- same t ime tLh e re was1 a sI bS I antL i a
ini,tnt o f s imilIar Ity i n cer ta in task,, per fo rmed , particulariv in some, tasks,
dea Iingip witLh cnnmin icat ion skill1,s and rant i vatinm, othei rs . Further, the

df terences betweton ranks In rel at ive time, s,nt on tasks in eadih dut v were

The aInal vs is o f t he educat Ion tmphals is da t a reve'ale d -I low re Prat) ilt v
of rat er s, i n sho)rtL, insu 11f f i Cie(nt ag);reeme'n t oo t he amo-untL o f edukcation

r lui red tO por formn tasks OX ' e among of icerq in gonenal anid icross career

fiikan,! r~mnks . This find ing reerrphasli ed the, diversit : of opi iii ans aInd
P A need s conc('erni1 ig 'SAF f f Ice r I IMo
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reK ~i! aes t t is di fc . v data wor''eat ih'4O tv~~

* ' ti'-~r.-' .. nan ~~tica~v rait k'os m' th tt roup ortr, a n

asr af t .a. writn g reoa avV ig
:~.e l'.~ - fcr ff c c'cesreports, in1 stLa f f pa ptrs, and

r 7,~- 1ithr io ' atl taIS ks nv 11v ski!ll- so-c!' -is dote-rminn

r .1"'A i r' ia; K i na rv a,-t I ons t o - ivilI ins: an orr in"
rs~ ii *or jec .~ t;euk':)or-,r in rank or posititon. f' L t- i Lh

a~-r-1~v" 'W fI - ra t I w %Minrv of the se , a I~- , ia w it h
.na : 1 41 a:1 Ie iVaL Ig 'I t wr,- ~f Tnach lo-wer-1evel act iviltie-,, suc h as

ra i r wrmtn i nr nLt r-ii,; -.,; anai read int, prof.-ss ional publ icat in,.
t 1141wV rated tas;ks ecti,'rrovi ada n in fo-rmil feedback, at tending

trislss-s, 'ad 'antairng 1:hrearance 4 st and ard,;

~~n!\-z:-I' .f -5i-rs e fDrIe need of variaous PME -opics in
r ~ Ter cari rz -hoed roeat d e i1 o f d iv er s itL w It h i IMost

the. carter I-,!d- and ranks. In SDI t o f Lhi S d :1ver s ityv, it. was Dossible
to rete a ao'orer ising of topics fro)m each of these grouns displaying

t tie r -1a t ive nt - 1 o)f t hose opmcs mn tlhe *ob or in the career. In general,
tn., data sh,-wrd tho)Se PM!. tDoi s w~iich offcer beieved( were eee in their

ol W-re topics- rthey aIs o needed in theiar careers; conversely, they gener-ally
'n~ tse t-'c ro ne e d o in thir w,, ere( ne(-t n eedd i n th i r c areers

* i - n,)r di t renc.s were, Ie in P--reP L io)ns 1ac r)S b nies. two stLud I t,
YM"-UnIic-3 ao'0 tonics r ' t

ffectiv. y 1; s st en a ng , , act Lv i . i(egI log ical
thinkin2) were ratedi as most neled by o t fIce rs i1n t he ir jobs and ca reers;
sen io r F f I -or c saw the lee-I-; as abouit e qual, wh-ile junio-r officers pe rct-i ved

t.-as -reat r an tharjb th, 0 vr thir care-er. Topics on the mi itr

n,., ir )nret, oa t na I s c rnIt , a nd TriI It a ry empl -yment gnerally rece ived thle

-w-z 1 v, avei ra t a n , b otch i n terms of an the present job 'and over the
1re. Raed )wes wre 0oic D o S-n ottie r se rv ices polIi ciet-s and doctLrinese

-1c iornac theorips and systeMS, -n-i foreign reiat, ons. 5

Bckromrd data, coll ected in allI f ive surveys , were used to asse,(,
-I o- , tb.-r t I ns o f f icers' jo)b Sdtz s~act ion adpe r cEpt i on s o f b e nef it s

pm, f-,. , )f t f) 107 re s po-ns Is t he (, pa rtLs o-)f the ( projiec t, 10 ,17 7 we r e

11sed In ases n ackzro-und lata responses. (The- dIif ference here reflects

th ilpIim inat I n o f dupli c at e r-s pon-tes of o ff ice rs who wore asked to c omplIete
mo re t han one, k ind o)f su7rvey bok et s sinceP bac kground questions ac ro s

booklIets- were Ilont c a 1,

Wh i to the ob-h- i-tific t ion ind ic-ato rs w,re hi1gh, percepL ions o f
f I 'f t from 'S w PM1 w,,re , at bestL , m i -d. Those who partL i c Iiated, inr

greommIi 'a on i n P%11-, at tLh e 1'(A F Ac aA.-m v, a nd i ca ted( t he highest degree of
b)on1eHf A t , wh 1 C t h ext en t ()f be(In, it f rom R rC a nd( 0S PM E was; mu c h lr)we r

ffcr; -nictd v ery lIow be nef it from SOS by correspond.-ice, , and lower

benef fi .n rom PME by) corres;pondence or sem11i oar *than t liow -Al
ne', lefc i q - o r a I
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I: r I: rt!r2ii,.u on Proi-c Pr~di'~

4 r'~~ .4 .(4 1 rr 0'~.i r f I.r el' Mh' r! rn a grnh.'r ' L~6

n' r*,.!,)rv\~v M t I c ill~~s. 9, ,i-n!)he'ar

~~r a I _'01' I*- ooi .t. t )61 a v 'z : t i'-k i v v',mon-, -ver t imp, \r

:I I-' n ;~w~c i, t tc r. a ;.,- t v el -in I rr'h-;r- ofI -l e dr shi

'7 -In'lLat i v, I", v -. r' *~v inraeIn rank. D~i 'forencoes

'Ia~ S P r .r-1a;~ - i i ii,, i~ wor a~~ I q 1rv td acr"i

It .11 Pe >- ~~~; r S t r'.,wr ' tei I 1,wr ver for-ner

:'parejc Ct .t r *. .t r r an'., i nr-a-si iv,- hno qc'~pp -f t ht-ir

, 1-).-eand :- -i*i.L.r.satbIitjsAs, they inc:rea

uIit% ht on. 1 :i - a Lt th gr ade sf 1 1e

~~~~ki~ tif~t na~~< 19t~ in tL dn 1h -1W sudis . rIl
* r. .h. -ak a t *.rs cns r's in~ -i t f I C 11 Lt le alin? t 1,e

r - d r,,: ri, or wr ti g ', .ar..in .- n*~ Cff o rl ucrre, n

* ~~~ 211, 1~v- '.'i M in. an' > 'r-1;n, r I. jr -, w on 't iSt
I itthr' tr i in inp - 1'~~5 n inln ig De rsona I app.:arance st andards, and

Ira ft t%, r wr 21 :,z I w- .,v.-l co r r-s pn~lnc

Tt * -pri nor nef o r- .f -)rt , c ;Iar cir r ic& uln' ton)i cs were anf--I v Zl d

iit.ron: 1; 011 thS stIdy than tatu Iv, -i ,-) he tw- iprevious surveys , but tw-)

17 1 Ar~ -Ia' wer eIho First, neIwaz a zroat amount of d iverc-t'

*w-, thi b~ h-r n analI vzed ,as- what PMJF :.Ipi C s offI Cer-s T' rCei Ved t h'-V

nde S'on 1) thr wi s a 4enpral oc-raI I consi Sr encv a,, to what wore t he

T" ;", Is nn e-s n.ded t P i c--S w I 1 i n -,ulb-,zr o ki;; Wh iIef p rey v. i is ; t ud i Ps us

-Iver- a 4e ratI ng-; m t h is onet ui a rank )rd+lr "ythod to assess nee-(d,

a ar .m,,nt ; on s.-l f-p.-rcpved ne-is aicross t ime wre st riki ng topics deal in,

wit h ra I andI wr i t ten c -imunmcat ion , t.aoi r, u, and pr inc i~ nI mzfannage-men t

w- n -T,;I st nt Ilv ,,i -wed as anion.' th- os nood-i , wh il thI P al i ng wi th

A Arm -n m d Navy doct r ino, i nL#'rnat ional reltatilons,, and war fare wore perceived '

AA c)m rf i ono I ion f enef its, from tho various methods; of

bot hwon ih.- tv- most re, ont -;t 1 j,h )w-d few Ii tferences. B~othi -' idipes

t ini h. p t e )n -)f hnf from t8 y corresnondeonce to be sma' I , frr'T"

r i n.oc- v r oi r im to [t !r) H an f )r kor r-spondeec eo or seminar programs;

-n from T'SA F Ac ad.-mv !"IF t of ,r oIat r h me fit than RO [C or OTS -OCS P4ME

I'
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NCL! 'C, 1,N '

'T' "i~ hi s p ro.t D rv 1. a' 0 1 V I W - n': t1~r eades

~~ndc L I'uid iv t ~ rficr ien~ 'w r- I t i ve i f f Icultv

task Acm-'t ~ r Fo r,: oftles 11)i rank Ire list ings of

ZisWhh t cr 'rc,,i v, hyri t er j,%hs, and i ir

,le r Ws' ,t o ,v -,r a :c ontc ), abioutL Ai1r Fo rc e of fice PMF

. t h- hr, are IL ferenz. lnth oaier-shi p, -ianagzement, , and

c -- .n 1: t i Ve I 'ISK rfrac f SA off icprs, ac ross career If eids and

r .Kz rrt ,e r 1, re - a,: 4; 1,:re--t -iLmo n- o-)f f i Cers ,ls t what P.ME

Lnc 3.re r- niu ro! i n th e ir Ioy an i c ar e er S.

eccnd4, th',ere i s a1 pr.)-re sion. in -,erms of the numn'r and co-mplexitL of

)ik -r for v off i cerq as [h-v advance in rank. Bas Soi0n Lhi s, t he-r- j

f.. ti n t r atLi ,n ae f,-r th c n t i n iia t i (r' ofc a mulIL 1 ph a sed PMiE prng r am ,

at'c t s rjhfu poram des ig ned :-;re Iv or d i f ferlencps i n rInk can

onucmI! \'a, j to a! I offi;cers

T h irdJ, u uc : Ps~ a rh rg r a mist1, be Sie un it ue fuo3 L

te M" Lst !.%'Ili. Thi c)ncentrat inZ on the PMF-rpiat ed t ~ most of ficers

,t Li- I n iven Ptlas per f orm , PMF must also educateofce.a t h need and

lpraflP -of a b-roaer understanding -of MiIitaryV-related topics to the-ir

r~sa, 2)r fe-ionals

NOTG'S

1. Phis paper is basod on Professional Military Educaion -- Officer, AFPT

-'4~X~2(,'SAF 
cUpatloinai3 Met-asureme-nt Center, October 19484) .

C-'-)i,,s of the report ar-e available upo-n reqoost. from I'SAFOMC/OMY,

Randnlph AFB, Texas 78150-5000.

2. The return rates for thesep inventories was as foiows: Task Li qt-

2,nC) usahle/3, 6 3 8 admiiisterod: 55 percont return rate; Task
Di fficilty -312/S84: Education Emphasis - 316/598S: 53 percent:

.. ed-in-/6 - '2:I/,;4 #)1 perc -nt i-. Need-mn-C~areer-

I 8F3'6,384 : 61 percent.

3i Th career fed, i n d ,c ord i n" rder of t ho avo rag nulmbe r o f LMC

.ask- performed (and the num'-)ir) were: logist ic- (146)-, legal 141

'~-ur'vpolice (140): pe.'sonei rosmre (139); chiaplains (132)

erupt rolle ir 119) s'- I "n I if i c alld eng i neerig (102 ;car t og raphi

-Oe,, v an Ii intel I I nce 1 i) a, ipe r i ion 95)
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ru~ r~ .t~c .flr -nr.,g r ,--;, c ai thIe Cnreivp
~c n~to :) a,, Ana: i Pr.'grrar-~ -CF? ~ piilt i JataI

AN', in )~~n>j R.!i~ f i2 ivi 1upa ratrs wa, af and
r i I itLy ra.r as;,ru .a 91, -cth c' which wer"- w,'I

r In

5. oYrr'iucons Of rai2 :.J--jb vrank rang,A fro)m a hi.,11 of
). ..tweer. mai~rs and i~~ntclK tn a low of .9. 1betwoen
Iiutnat~anic>.J.WSL&rit'~ were , tlween rankings - v
brot-c~rnssi~noffic, :s and acd-lomv zraFuates (.$) anci betwepnI

c~rt~raflv-)d~v t&~>~nzes~eci-i1ties and oth-~r utilization
~.ils. ~rrI a i ~ raning f eedi n-c tr.- r byv ranks

C,)-,1 S131 )r. I'Ir- el, an it 1 1zatio f ie>s were- I i g tIv l ower, but
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t4r

CI .,

'tff ;9 rr jine f-r- Yioron ~'rcr .i esr r if ~rre n ~ I trd

sin lato in a~i ior, io ltasi in' rk~,) vafm t , r over, th

-rr 0 1, *,.ay

* in?~bl; p~daptifiude The fmindiT ,uJpport theintoretifal view that oroce-sino spes ma be
.s -rier 1 in. rd r idual dilter Ktres in. per for rnance on complex iritellectuai toskL Ar

I fr~ I,! 9  (fI r t ;ture Wor in tliis 3r ea iv tri separate ,,nd evaluate the common and
0 .,u 1- 1P it jr uhl't on pr oi-essinrj 3peed 10SF .li cucr' us, those. used in this. Sloly which

~,r~.1-1 ~ -rI ual crntnd1v'e ltorr rplx problem solving

!t i , p~ f',/r iniv I inc <iF V ) ,tjte I loivlr 'ty . an ie'vo
titrrI : nsinq for thisl wori was vrovided [Ly a d I~ut\. fellowship (ro j' m the

-Amei it )r, ,-d Yft y ir I naineprina LHucat in IndO Ly itire 74, hric toes for Manpower and
-. Pir --nnn4~~. l~~ P, Nlh file dUthfors wish to express the!- 3oprecial loi 1(I

Th( v f-w, to ,Pc *- ' Iiae r P ty r a tor -.. r eni 0 rf fit- ial arid do not
If~f ti ti fit ir w , t ' hp~ Navy [)F,( if' ren

2

'A .9 N'%



..- ~..' ~ ~r ~- .~er .,.,r ~.t 'eW r treij esr, ernepK, 
f r ,, -4r -Y 0 1 -, i!rrrC

.~, r r, rr:;1,3 z~j -~pr rer jue !()a ',m IIed data bas_-e
"r~o j; '' o Ues rid k rievealed

A. r. . i44 .z , * 'J'r n r.r",. Zlyt rj r,'-.'' 1 r re~ ,V Se H n

~ -j~ ~v- 4~~f' ~ *~4,~ ;tuc1.,from In inlrcxourtr' rjjjr,
A;' !~r &,Pr andj p9 ar If f' I Wr, wrep m',f~ry- tree,

y ~ ~ Hicri~~ i-' ~ f vpr ~a Wanic, and AS ian The ,am L) ]
" . -i ? M i j r it ri f ..,r , rior "f ~ c, fhc i p )r. r

'',p ~~'tr ie ViU9 aud i or v an r eactI inI tim e 0 rocess inosopMe I as_7 r7 tw with ?r rj, ~ ' ''

~ A w~r A2ver 1,f viyabij r ,,-id ;tj k'~, Le-iijri ztt~ of thte W/erhsier Aduit
E I -11 WA2- i ind the CrxJn;t!e Lateralty Fattery

w v'- , -a a~ r ir -tp Lrrp 1 p P,6'ritation alternat ifl VIptWppr!
-,t-, Tz-C -J"IfE'rt elylic tachiltcrcopil- rre: e-tatiwns in a paradoii fo.;lolowed

p-~ -p'.j -Pl'~,, ;ll 17'9 A Tocrn-o~m uter present F,"b,31tery f five

r e ~u~r c* Pippr imertal !,3ql Ec rnirr, cirrpulor t,3<4 wacs precsentfed twice to
*~c Ae:' i F~. ~' aI r~e-'a3r, tr 'j r;d dc- igri Auditoir

f 1~ r 0 ev'Y 0,' ird 1 P.Y~jrp M- - t hr- P i 1 C4 7i Ai" i wer-, 7 7 I e itw
1 irnp !ac;4a le ;r itedi bv , ar scir anti r-M )', wi - or een ted ur he T f, - M)D com puter

Y -' mr I~ F -j - r! 0u~r rieliar t r icire ra I)a ,et I : I' id r wd, ucsed a,. In(, index foir
if- Cro~ 7: ri r,( l adi V ce c tal -,The Coqriiive Iaterality Patterv

~7 tNJ iv P,, i~ iiual[P 1ndi vidual itf1'ences in hem isphpr !c
N-V-, ;p,- c wjr j1i -Ar, v f-, ' 11011'1 f in 'mali Qr i1IJ, I I t, 5iubif-.0 ) after M1l prrocessing

'J r , ' r ' J , y , I ( .t r ,V ( t t r j w r e ' d u a l I ' i p t h e i r c o r r e l a t e d v a r i a n c e
3t- F _U r j rrr pr r ne 1ti -r ~ j :j)yi howc,. the proce-in -pcfd

im, n r'' iocr in- v ir al ii iri ni trr tipr, i -vefori1 rr rIpr mItnr ,whirh wi-. labeled
,f1rr j it~i 11P I 'l f hg f r rle tr, I iir T nwic '\im~iihry )Jtmce, P',Y( [on"Ietr if
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000
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'-Tjprj fj~lfr 1(Jmrg< inderlned (nrrflatiirj in th)eforiginal mr'r ix were reflflprid so that WxI
)Pr formone ha.- oeen oeitively correlatefl with all other var iables

A: U!'LK 1*1! Al C I - Ajdi lor yv Pr ocessing $)pfd bor long arid hur t intersi imulu: inter yah
ivlv!.1 and Tj, he ~r itcal lnlpr'timulus, nferval, tri)als one and two,

reSORLtrveIV a fachitoSuipiL'ol y determnined nurover Odl measure of speed of information
nr, i ~noj, RP and APAV - IK V, 0 and Appip I microcomrputer der ived scores for speed ofA
vi~ial prnrec 5ing 'T IP , and P T Ore, I hree, )nd F ive choice reaction times HcQPA and
FP!(PA Hiqh \h jno F reshman Cr de Point Aver ao 'AT - cholast ic Apt itude Test ( totalv

VCF (X\,.AV andI 'U Sor es on t he Yo-abu lar y and Inc Des ign 5iuhtests of t he Wechsler AdJUlt
Ai., ' ntilioei :{ \ jIF PP~ i j
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v r- r -:rrct jtpri F act or jz-rt-; of Processing Speed antd
___________r I___ :ori ing

~ -i~'rr, I[.er lkiofl I '[.here Factor Loadings

4 -k66

4'C

-v7

0- 70

f, T' 77

4i ;i 6ao' tidve b'een r eflecied

+ ir1 fjr f ir 'I inrrtated factor m.tr ix for Pr iricipal Components factor analysis

f, i qht dind H- f herfr i,pr r, !urti tf irig war, measu(red by the Gordon Cognit iye Literdlity Battery
A' V 3 and AiJk T zAud~ory Pr oesing Speed lor long and shortI interstimulus intervals,
r pei , t Iev I Kc I and K1' C The Cr it wal interstimulus interval , trilals one and two,

~',2!tvI Iv I, t a(h 1,,tCt i iCalIly detf.r m ined r onver m I medsu r e of speeld 0, ior mat ion
r, isritpI. TPAV Ind AF'AV T P C )nd Apple - II m i rrocrniputer der ived cscor es tor speed ol

,IAal pr ' 1,. '1( 1 T -~ I n.id fC T 71 Or, ttr ji I~- d i (, c hoire r eact ion I 'rnes

236



it- :1:r l-~r lilThPrr !,r,-iiig jr tatbr 1,1 ,tIe table reveal,) a

*~~~~ '-< jodor:r< W'r J related mir e -,trorngiv If- the leltI

~&- ri~~eJ i cktij or 1, le omrp cpcod it jer facticr , der ived f rom a
r'~~~-'- i' l~~- rredr,-ijrP c~i m& p nt)P~ere a3nd aptitulde rhi, finotng

It 0 "fr rn *'rr'pi ' )otTVP t", !1 -.~'~£'9r n AT i related to

~ ~ ' ~ ~ m~r rrn~nt o h ~r'i~Oty ' r~easr e ntspeed of
r~ j )I~ t I iajl j: i;it: r, to~q KIl 1ft 'he var ,jrCe and tac I spe ific

nm~cyrI h.t~,c~rtrth ther hall T hese taslk ,sieif ic comnponen ts acrunt for a fairly1
- yrr),nt~ t.. irinoep p yjn, rIc Pr inj the re Iat onzhIt ic

' i
1 f~a.- , r p i~r' rn P inpc d, mP~ Pafl r -z n vr, vrt 1iq c omnpIe x i:ogn it ivePP pros i n~ The

ta.i -jiofi, ,at incre, mireover may, he of inrni neptn that any given task may be related
If i~qr tjril~ ,If ri'.idfce, tr;P pittern t rifinrr Platrnc revPaledJ that 1he, visual tasK
;ert,7 'iK r jiietd t" twt i ;hll IFm $srllbF r clotr'd to-sks in thy Gr~o donr bttery, the aujditory
taz; onri l wer - related I the 6oFro Batery left hemisphere tasksl Hypothetical',it

F 1 i to 4 i t p li I (rv,t r ij't j )et of pr iressi rio spefed ta- -, both to measuire general tlne.I I nkerlre,U; hr'vijQI- obtainia I cripuz itei scor(e rn which individual dliffewrences dup to task- specitic abilities
av e race riut I , ,1 MHFsur e inor e ,.ptrnf ir rouri factors that are relat ively mndependent of each

rite aofl ra hip tpred'c inb per for mince Fur ture research in thi5 area should be directed
towari -1 -epar afr the i'ommon ar oance from the last ppicif ic and to dterrirre more pr ecisely
,vhttl Pdcfl if these. immwljns medsu 'sWe caride thot

.rrrcq OF'oklt4 which contain little or no itol lertual rontent and invnlve little or no
rnIf -t,11, '11r 1,vlrl ills stm rrimon var iarc wilt, rrrnvertit tnal p,,yt-hnmetr c tests that
ifioalve, :,mrpo'x ( Faa':nr 9'nd fircitlem sanlvinri .4 iii

*nrr,,; n nr-,r petvVie malt i -dirrrninnil T hough a qenripa proicessing speedJ
Ica fa ineri from a hier archicAl i6nalys is tl o. wtM ot vviual ,auditory, and reaction time tasks,,

rj, r c poi , f f tor emrpq, qe well I _ori -rquont ly ftI appear,, to tip an over sirnipl If catton to asi,
w titther io partIi ,u r [ir-orxrsar11) {rlt ,qe v r eiatcii In i irtel I qnce Rather morn speci f ic

lo-,i1.~,ijrfm(~ri tt I peirman g f acto;, of rneri tal I ti i itv by m eans, ol speed of p r cesstInq tasks
A' in < i d eiy ri'O I h to atr a 1- 3va~ a i ng iu fI Ic Ien t 0jrvperc I I I ri spec ItII c t $c

bu",r C. 11, [11 'rraurn rut rit t,), perifif vir rirnre so that thp compo, ite s corp wifll
pr jr(,i nnatl r oie :i~- 'hi i~e ir al t Il If I IV nn-( tc IIat I mioin Int- al I (i t~~ tw~ ta ,
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I a

7-S. A - Tesea-: :r st:x,_te :?ielci Urit

T. Ans :a:,::r is F.jndameg-'al r, Science
Attra:',,o- o, mrodel:,a o4, o-ee~rmera is a mriV -ethod of Scien~ce for increasing

kcwleo~e. 71,-is d:or oac', is vital where the oe eo"under Investigation ca'-nnot be
stected +: ",ect scien-tific rnaripulatior,, such, as astron-omical Drocesses or force- or-force

como,,al. ~:eer ,the a'u a:: t' o c ic Iu s Io ns aa r, ec f r om a o ar tIc ula r a bs tr a c -tio n, o r
model. .s -,it~cailv decerident .or owccomclete>, aro aczur ately the essertial com oorerts

*aric their :-*er'eat.orshis are reoresetect.
Xodels -hich sirnulate t'-.e nrocess o+ c:mba+ na e bc-.Q beer, imo)or tar-t to miltary'

olar,er s :'the 4-rmuilaticr of :olcc'. stratea- ,,c tactios Erewe" arc Shuoik, ~% The
* _Se rr como:uters has erabled the rresentatior, cf an, urpreceaertec level of detai,

~cc-ta* Fc.. :, e arrDle. e ta'-t Ar m, corn'at simulat.L s mocels consist of
1,u -ce,,'s : tu-sards -. .- es o& hian-ievel-lar-,.aCe :zrmpiuter code. 'Phis code represenits
the cz:'a' oc::ess :-e tre-e cc tal oow-i ti: t e 'ieA of iran m g:fato

:+ tVe soec,:ic oot,.:s selected t, ever relevarnt .vearjor, sistem at a oiveni
Qoi-t in t:'e.

Des .tez s52Zc' -eat de ta,. ir:Cor-C'ated in -anmdels, larger questions era.r aboutth

o,,era:. a-cequacy o -,he C,4 esrttor I~.--Q p o-CeSS. Ch aracter,.St:CS o4 ri cal or
*we-apcr. s sterms can be Dreciselyv determined usrg e 'oerimenjtal methodologies. Data ;romr -A
*suchl methods serv e to deterrer with high, confidence the valuecr of many of the vcry large Ik

-u-ner :; ;a'ame~ers present ir mcdern- combat simL.,atior models. Ore class of p niee ome ,a
* V4,IC'- IS rCt. hc.vever, so easl,. zharacter ised is h-.ran behavior. As human performance

factor s *HF7 are ar, irctegral part of virtuall, all s ,stemns comrpr isingQ the combat process,
the -,a*..e c4 the re )'eseritaticn o4 these factc's vr :0ombat models has direct implications
;or the a:,city o4 anyv results.

lmlr'-a- Per- --_ance Fa:tors in Modeis
~-e-e a-c se~era. issues Dertajinrg tc. t -,e recreseritation of H-FF in the modelling o4

corrbat. Sor-e o' these -.a- oe 11ls-atec tak a si-o-e behavior sucPn as the likelihood
+hat a s'- ole soldie wil defect a -,articular t~e -.4 ehicle under sorre situation, specifyinig
distance. atimcsoh'eric cond~tions. lighting, the soldier's physical arid psychological states,
anid soi ortn.

On~e iss,, e -,s the accur acy' of estiratino the likelihood of detection. With
c:r,,e7,tc-a: E rm.tt arid statistical methodioloc,!, an, estimate of known certainty
car, te co.ta.red. Similar meth-ods :ar, yield in4ormaticr or, the variability between individual
soes I- deetinikeihood. However, a ser io.E d,.;+icult' arises ,,ith this approach

'e- 'e -~Ct~ ar arreters are sought for d, eert sets of s~tuatior; contexts. Human

Snaecar, varv not or] as a fur-ctin c ea:, c) t he m, iad of sirigle factor s but aso

*e :e ie' a' iimprdcticali + beomne :)r o~Lers inme,-,a, e . Th us, to rIgor ousl,, e sta bhsh
* mos,~a -~t'sc4 releant cortr tte 4cr HEF :o ev.er a simple task is simrnply rot possible.

T he, s~r-e 1, FTF muc + e r e)r esenited r, combtat smulatnor models in sirrp lif iedb for m, arid

- C-'t ass.'mctors abou-t suc"- -- 'eIs ai tr- .aiue limits or. BIPE /ar tables anid
c4 ~o :-,teractioris amo~g variab.es becomer -ec ,ssar- z M

W"e- amoles :4 reo.resen~taticrs o; HFF in. con, cat simulatior models are consider ed,
oti ithe:- a'-.coe~ail ar e ;:our-C c var X, :d Mlie iarid ForidE I U2Corducted an

of eFF tete~ in. 23recr- +srlI.to models. F iiteen. combat

:4 "4'
.N.~~~ 3~. '



-. ~~ ~~~ -e..c--~a:s ae.- . 'oi~ .~ .e- >t~ a nd
ze .C-:C~ :-aiez '.!. '--d' ;ac!:, :::e-:c : er orre a" e.g.

:e:.s:7'S +z -e:-ezs -. e sC[:'t. -C tE Ceec::- -* +:"Ces -C.- cr on E g'ounC, ir~crease in,
::.-e e n:ec.~~a~~. s-a:.e= 7,e, =se, .e that a Dheromenjor,

: e I-~see a -c" : i - -. c tdsi: c=s I ass--;c Th at the zhenomenon.
:5 .'a a~z a-.a s:'e:2- :e- ormec, : e,-eSerntrc the *a:T: ba~un i~ri

N,-ea: :e -:e zo ::e. ;s ~~- 3 rz L~ n~ti-g o te e;4e.t th-e ;a:4or orior to
-Z::E: e e : -ezese- : tle :2-ei-C-ero.- e :>ICIt> c ~e' code withn te

zcce.._ -e;-ese-:rz ,E? c- eor'e-or :>c tl' at )c ICjS,On ornly as a locical
'e-eSS't. SZn c:'es~c ae-sa -cs rese- .the r-d.A-rnq the nine
-- :S '- -:oe : P C-: o Se' e-.. Cor e s A nta : o,-- %a- ;a cto, process
:e-'-e-a- a- ZEC oI: La-e-sca~e -c) e's. .Lc- as theater-le,el smulations

* arae o :;e: ..o Te result=- :, wL -:eve" model±s. i-ecessarI1 i IMQ1ICltly
- - . yq ate- 'E.:1Crena:so a-C ass ,mntions atbot HFF are contained in, the
rn:C~~ .o: ~-~u' he-a-c e .

A~ EECCV-O ez..E, e~':cthe i?:resertatior c, HFF in, combat sirlation. models centers
jCC the i? tE' tZ :C t *tE? aSSu'roti-s nrade are e-3,t'izall ' baseC. While detailed

.0-~: t, e ; rrrt-:,is:ee' czost~ie, c+her soujrceE r,4normatiori evistp
Ls' _~' ~..es~'~r: For e, amnoie. >~u .arid otoers la~e proposed greater

JSE ; i,5* .:,a t a :--=-e. a, mis -a %ca. aC.Cjr~t is to somne e tent both subjective
a-cn:-,O~~~~c -Z eU- vicjnF4 a-jces. A-nother sourze o)f in-or-ation :s the

A*"Ct t:C eO *"E cest Z- Lcersc-,s -na ,c.e combat veterans
4 ~a - te aa~: s ce -s *s. F cte-'S a ,e a t e L)e r t s re q e r t . - d s a ar e e a nd e venr*

a -ee :'e :C c -Se.C Coes n"Of c., ar tee accur a:. An othe- sourceo lvn

aw'. -;c-at.,c :s t-,e -,aa ~ 'mthe tatiaho-_iS2e training e e':SeS Coniducied at the
Na~i'a 'a::E- E- N71 :n recent .ea-s 'robes. I ~.Ths data, however, is

O)e't, -t to Cr,. aBstSet '~ e HF-F o- -~te'est and the a-nalsis oz :ata doe rsetsm
caenes tr- Tar 5r,.,-

/ iaISSue cce:HFF izese7,tatiof,, Is esiablisror~c their 'elati,,e imnoor tance in
cee':-tro-o)el Ctcores. Perha:j5 t is 'cc obvious to state that Th1e HEF which most

I zac o...cz C, r, : &C eater a~te-rlt, :- terms ct tolh *he accuracy an-d comoleteress of
The: e:'se- ~c-: cn.-d, -Fodels.

Pe een:~o ar cE* S ' eect, -n e a ior
-He Tr a,,-.z 7- c a-'rce A --l,/sis Toc!l TEA T w Yas ce ve lc ec as a oar t of a larcier

E -1, ZT ta C, sI st irn *The arnalvi5 and Interpretation of data contairied
-e NT: ndaase. As trair-nc re,;ounces are alvwa s constrained, they require allocation

or e Cs~s:~e :c~e ''. The cjrrer t ~oke amni-es how REF a e? modelled in TEAT
~it~t'~~. se o ic t: in .~e'et' ir i inter /cntic,, :s mocst likely to have the
o'ees :roa t.'.: c. co~uer bse cmat siuato moes are of suffiin

:er~ r Le- C 1* ra* Cee" . e' ects of va, iations in, a oDarticular compoent
%%% t , asesEc-= : e ala~o r steado 4fe MCe l. A'Ith charqes inco-oorated, must be

e e:.e0 a-c t-e- 'E-es.tS aae The Sc:e-C o4, 't e Culrer-t work is >tdto the HFF area
a~ ~rseec:o .. :cIS 'a:e i 'eresernted i, TEAT.

c; - o TWea~e- a,,,, r ieerer r co'ess ds based ucion three

otta:- ~ ~ ~ ~ F ec er -ei-: Iaa Issse aC e e~e ak e t a I 19 74)
c:Cutt ' -':Ee.bzvi e-nao --cr-marid (C E) Seccnd, trie level

9 ~ ~ 0 ieK - v a~ s r E? t -~C lr E oi wha+ is recessar Ancujrately sirnul~te
c,.;Ctco-rnS a' C "E - 'Crc'n_ dre ,>:r tpc nc -e bo- o~tcr ,a,. le a' C ezLored :n; the NTC

daats. -. >o a'lc o >X~- te chnri O,-,ps a-e erm lo e'ed t enrab le the study of
C71ccn a_ +a C: E. T"PAT 4m ve'o~ c 4dcilitate undar stardi' arid mraniriulation, of

HF '.1': oe ad E? :)Enn . F, -- er, it Ma, be poiE? to e pr-,tUAJly validate the
L) i% + t.):- I, E c iirca Ihe : database.



VI

As +m. e A T i-,cor o'ate s t~ree te- a vlO' a. 'e- --e- :ies zid et drc
*crces-fr ie di. 4orces ir the cjrrert scen-ar i---. -:c1 zct cfic 't Arm,, doctr ire ard

:cr ter ,,c co--c- se- se. "71e, are , ' - .e,- e''O.,iza.> -.aseo -la-K. et al, I'?4).
±:r St. eferci-,c tarlks ar-d art:tarik tube-la, rched caV-r :e e;v rnissiles

NS a-.k target prefe-erces corcerriro ta-t--t 4eh-i:le t ces. :oc!-.ne states that higher
'A t' eat ta~qets V'o,_ld be er~oa~ed iirs4. l~tne szerario -his ivcohes that the iong-r ange

~osirQ force antitarnk wea-.ons ISAG6ERS arc arks KT7ANKS shoculd be p-eferred to
.rarmea iarmored :)e-socre: :a-'ie's ~AC'as targets. 'Lefenders oicisime , ~ne estn
sei:-Dreser ,atior wo,_1 also suggest that the APCS. at ',east at mo~ier ate to ljong ranges,
s1,' co be tarcets of seco- da-r moortarnce beca-se th)E are of reai l little thr eat.

A seco-C emorica..--oased eraia terdencr corcer-ino ta'aet cselezton ircor~orateri
P-oTAT is ti 'ai r'e.,4 4.sible targcets are refer- ed lar'gets. Sre e taeswoir.

~ere-al tie less hkel, to ha/e acqosireo a tar'et. be - doart arnd, therefo-,e, be less
t~reaterinca than :Dre .'iousl v's.nle tar~e~s. 1%,e same irlorircioie applies and again is
violated. Th thaor also aooears not to be ir- the best ,r,-retS o+S sl-Su-vIal

F.r-alv, TFAT -luces the behavioral ierdernc o' te~erdirg tarks to prefer oreviously
e-zcec ta-o;ets. T,:s -refererce leads to )revioiusi- kihled targets uecri frequently
en-gaged._ T1h~s target perseveraltior, also :olates tle ,octr.7-a: or i-ciple _-; 4iriro a'
1,:cnest-threat targcets 4irst. Also, as with the other behavior te-dencies, it promotes

e~terIhe ~v. l E-Ests of tre .!~;d al iaes s- of the denderrs collectively.
Ths tetaetslection, ohenrmera are incluouec: ir TPAT :)ecause they describ

actual beravior of defernders ir. RTCA e, Ocrimnents. Whether the co-entomena e~ist ir, NTC
-a:r~lr,, ee'cises rust await the collectior ard analysis L approo.-ate data. Father than

I.. OOSE'"cCgc haroc ni ihecp behaviors ke~cg. irformation overload
iYle,o ,o prefe-erce ;or rnovelty, reed for closure, "shooting galler,, mertahity,' arid so

octh,, it is more moortar-t to urderstarnd that the,' are emoir -call\. based arnd to realiie that
each ceoid potentialiv be modified to some aegree through train-ai. TFAT itself car- be used
to o,,ovlde estimates of the effects alteratons in these three target selection beha iiors

- have u~or, simulatec battle oitcomes. The results should reveal tneir relatiie importance or,
outcomes arid, therefore, suggest where the largest training pa~oif lies.

IV. Moaificatior of Modelled Target Selection Bethaviors
TPAT was rur. emo.loving a digitied par tion of NTC terr air with -i approximate

battalior-szeC force A': tarksi and 18 TON4S) in defenise ano~ an approx:imate regiment-siue

K. ~attack:-rg force 3e KTANKS. _ SAGV3ES, aro 20 ABCS) usirg r apd apr. oach tactics. To
assess the effects of thie three behavxocra. asSumot.orns upon model output, each of the

4 behaviors .wac, moditied. Th-e Drefererce for rewly visible targets arid target perseveration,
- ere both reduced b\, 1ee nercert. Preference for target t/pe was marioulated by reducing
desirabil~t, of APCS to ceo when, there are other taroet candidates and when the range of

PBC, was areater than "W meters. T agef select-ior, assumpticr s were modif ied for
deerdrz tanks and-- TOWS.

The effects of mod,+yjrno eachi of the three target selection tendencies of the defendirg
fo-ce are s~nimar iced -r Table 1. The modiel Scenario was e':ecuted i'-ty times for each
iaciet selectior, modificationi. :asualt Yr atios are showni for both the of fensvp arid
defer si\e orces broker, 1ownr !rnto inflicted and sustained comronrits. The values for
asualties car be irter.eled as tlhe mnean number o .ehicle kils per vehicle per tr al. The
cas,.alties s~stained values: car, be interpreted as tne mean, probability across trials arid
acrcs s venicie +:e-s of a vehicle being Ied

T Nhe results in, Table Iidicate that eliminatingq either the oer;EVeratior, or, last target or ~
the pr eer erce 4or r ewV,/-visible targets has V1i ±all, rio effiect nr- casualty values in
compar.sor, to outcomes 4rom the originfal model. However, tr1je conjcluqion is riot warranted

-- A t~~aseA ,po,, 4re m e? e,.derce at hand~ thd± the's have no el'ect upor per for mance OUILome.
Usci o Per Scer arios or alter, ative ter air- ma> r e eal the Y too a4ffect perf;or mar-ce. A t
Lre~ert, it is a Lro- r iate to con-clude cr-1 that these beh' .or s ha. e r c impact withir the
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F''AS A. -- Aqge i7 IF. A ~ AS~ 'APi~ F''i,

UThf oe j', n ard e rr I S C S'a's tras I t $Zh0U2fr&

Cur rer,: sI -a~ cte, t. B , :ontrast. reducig the prefere,-ce 4o APCE as targets produces s

striki~o :14erert perfCmace B'ue eeders concenrate 4irepower sr KTANKS and
~ 5"SAJGERS, these high-threat attackers are attrited at a relati ,el, rilgher rate. This leads to

a reducticr' in the casualties the attackers are able to inflict. 1r. turn, this produces the
result that the likelihood of defenider being killed falls from .' O to .34. The values

-~ *.'represenit a decrease ir per vehicle risk of approximately a thir d.
The finding that reducing the attractiven~ess for APCS as targets produces fewer

defender losses provildes unambiguous support for the doctrinal principle that targets of
greater threat should be ericdged first. Also of iirterest is the supposit,.ori that target
selectior, behavior is :orotoably amenable to modification through appropriately designed and
conducted trainin~g. While target discrimirability probably has inherent limits, especially at

-. e :treme rarge, it is plausible to expect somne improvernert with trairanrg.
* A series of TPAT runis Awas corlucted to e':plore how much effect upor outcomes might

expected from varying degre~es o4 reductior in the preference for unarmed AFCS as targets.
In addition to the prefere-ce level of APCS in the original model arid the previous 100

* percent 'eductori, their attractiveness was rediuced by 25, SO arid 75 percentl. Fifty runs
under each conditio,- were per'formed. Figure 1 preserts the resultts displlyed as mean
probaolities of defensive vehicles becoming casualties, The specific values are less
meaninigful than the overall pattern of the relationship. Finding a rorlinear relatior ship

- underscores the need for actual!I5 mak ing model changes and e xecuting the model1 to -

determine effects. In adaitior, the dir ectlot of the nonlinearity observed suggests that
smail amnounits of reduction in the prefer ence of APC3 as targels yield little reductior in

rs--a 7~ percent , eduction from the original mode', produces n'o risk redur tion. TheF relationship suogests that only when there is cS ercenit or greater r eduction ir, prefer erice -

X ~are substan~tial ben'eOits real,7?d. This frngsuggests that while relevart tr airing mayLreduce risks to deferiders, ircomplete or inieffective training maiy produce no benefit.

7,. onrclusior~s
'Clear ly, .issumptiors made about HPF car, affect the outcome o- sim'jlated combat, This

fircing has trairni as well as analsis implications. lrvestioatior ol "PF effects in combat[
models cdn be' impor tart to the idertificantio ot tr airaig rieeds, to the planning of tr airing,
andi to the development of trainirg criteria goals. Model develorers ma;' be aware of the

W24*
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Figure I. Effect of percent reducctoi In defender target preference for APCs
'ipon mean probability of a defending vehicle becoming a cakudalty.

HPF assunptiors ard simplificatiors that have beer, made and the consequertal lim-tatiors
upor, model outcomes. It is also vitally important for policy decision makers, the model
users, to kr,ow of these assumotions and caveats. Therefore, the value of models is
enhanced wher, these considerations are explicitly documented.

Further systematic research or, the HPF repr2sertation ir, combat simulatior models is
r,ecessary. Several o4 the soecific needs are (I) development of strategies for ga~herirg
'elevart empirical data, () determination of most impor tart HPF, and (3) identificatior of
methods for better incorporating the effects of HPF into combat simulatior model findings,
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QUJAITY OF CANADIAN FORCES OTHER-RANK RECRUITS:
TRENDS 1975-1983

Major K.W.J. Wenek

Canadian Forces Personnel Applied Research Unit
* Willowdale, Ontario, Canada

I), j)! oAi I to -ountr;c .i'0si an ts armtne force-, oci
~i4; 4V-)hinti':!; Or 0o)i 1 Itor. service, t.i,? strategic fore-cast ing of

i- x' ~ s rc I ;npl 1) 1,1 t it- ini of :r-iuii- resourct: rie s wi]. i

reklire 1 r t e re ItL en-p ia5eS. (VonscripLt :orcei ) wiich ire imore or less
en.su'e, .I l3)iae sappli; of reci c ts _mn! i repres;eit-it ivv :r of toie
ivai I ihle ;oi iet,-r r a i ocre iiupersonnlel screeniing

* i !0c t w cuic oas. Ail -vo 'lmtee force , (Ac? s), ontho Liiu Lm:lia
wicIIre patiaai;suscc-pt ible to t ie erffects oif free-market 'caonilic'

o) - -i Lt uiii anl qu1ilit;i (f Lie iv iil-ib ( t-an-pawer pool , rnus. lkvote
cwist lerlibl .ttentiot, to tie )USIT1e5i of 'attractinmg appl lcart '. before

prCI *al scr e an i iL bc_-it ii ulC 'w c~n Le imp1crent e,: Mor e C'v r
helr uiso \V ar tepcn lent on tie wi I I ngriess o f younig peop Let serve in
L 1' It L'i S I 1e -i1t ten1 i I 'e m .11SL )e i l to an d ua? 17 (4 UII L i %,, b iu.;e t2
tic. ).1)) it i1 0 t tuie L a re L recruit ing pool and L7e c rui t intake
L -It r)o lick, 1) ;Lie Iia rke L f orces W, ic' j i r ec t Ily a! tect cnIi s t ie i t
PCpt': " i t v. r or a inuore counpreicnsie liscussion of tluese issues , see
C;L L ork, (.I oo- l n:i i , 1-)78 ; 2ndl Pt ricii, L9652*

i e t;ie r Ire Aanunbe r o f I II-sio k s ou wiiici quaiLitative
C .pir5 s.:12 recruit colt' rts c an. I e -m, ie , ni l i ta rv s tat f - are

tvpLc-i?1 Ly concerneuj Wjti the triinabi lit1  ot ce cru ts ,thadt is , the 1r

Pi)o l e. t Lo -icktuiire Uiose jOlO s;Kil Ls w i are a ik-cess Cy , butt Tnot I

itif f ic- Uitt, co 1-1 to 0 1fr 0 )erat ioni-itec vis In tie Canalian
A l,)Ce~ &~ )* t~w oeral inliicc_3 1liqo-, JLy I )I trLiw--,0liLtV MoSIt coumIoflI

ivoke AI -icc cntr 1 ; 3co res oni tue 17er a C I iss i. t~ ic-it !oil (6C) test (a, group-
i i ii s erui I "elI L ,lwcco test ) in!l :-lIw,' t Lofl.. 1 ItA1.1 iIM('lt . Al tifaugii tiu,

r'7 -- it ios ii between tI:Niev ill Iices s nior ot~r- v oct !ogoflaJ , GC test

SCOL" , 'Il 6k C ll 1 -1 interpre tf, I m-re,~ r lres of I- rn 11 " potelat Ia L
tuit I "- ''irioni I -t t i i IneIn t bco 1 , r(vi is' uwwm~rcs of acqu ired

I e'l f41,. Irc'1, ii 'qn n - 4t It r (o)) cuisoert
1975-33 i pri,. vwill b0 c e-inine-t 1.1 t n-so tr

I r e a s '. . <-co t 'dua1 itv: 9- )

*~ ib~rLQ Ii-'I I L e~ a flgt'l J Lost ;(-ore,, s 01 OR
roc rui vl ts ri i~ is Lri h i )u L i t-ou tire. av 'etn ven-i rki1Ll

S 1;kstl '-icr ti,, 19/5-111 3 pe'rio ct-''wir beXi~t- the0 'K tc-, is

iSt-,i&,r -' S f.s 41 it '' a - ;own'e fo c-U' 'l'I" ,JI it VinCccl Ls

;iot~~ rOV i t to,, c ! to w )D4 in! r o i, ol h i-

7-af

2%U



~ -~ .9.~ e:~, i: a a &.5I".1. se -'se , n eL..Q TIore fb .esabl.e cr
Lriln.i-'e tia~ t, .se o-ir)lle i in pr.-';'ous vo irs.

a w c cor1,e !e -In s an -11ta., 1 ir- De VI t i on s
',*r cr \:~i o a- t ran. j -n ro les 1 i7)D- 33

a. t 1.-" \O1-'io Fraii ,:nro-L eesY:-'0 SD --
Ye rIen --II an

919.11 31 8.9
9 4 4 ).5 40 3. 6

-977 44 9.*3 8.6
1, - ",3 - ') 4 4 08.3

197 44 9.2 4t0 8.4
.s)14 9.4 39 8.3

-~ .338 8.4
1,9 32 43 3') 3.5

i3349.2 40 8.3

.1 ffc-reit patttra emer?,,, riieni eriucation. attainmenit lata are
coris itere(I As sl~oln iii Ta 1) P 2 ( five-ndel 11 G a u'et, 1985) , tne
i i.str-Luttlonc of educitioiil attainment levels among CF enrollees over the

13 733 p-. m,13 i f tekl towardJS t be u'2ttec-qualiity end of Li"? Spectrum.
41 L. 'I g! propo rti .1S o f e ii -Lol 'Ieis pos;sessing some , or complete,
pos L-st-J ta:"' il ii 'iuvc rslty educi on an,! owe c proport iols of enlrollaes

Pocoitage- of CFi -,uro 1.lees it Var ious A'ucation Levols
* ,'Ollpare1 to Popo Lat loi Percent-i 302

SO4 O'1a 1 Jol.- )Clu Ic atio LoveIo ItI o-0 Od e

r. lnen ir;Sec oni at Post Second'ary jier t
(An on t, G ! ) o(;(irl Pop C~ CullPo

(11' 7) i ' -") u_ .13 5

1, 1,8 .4.4.

19I 3,10 . o).9. 4j3 J. io .3. .1; .5
19/" 3.; 6,7.4'. 4.2.L~-

966. '4. 6.8 4 .74 3.25.

-~ 19u. 5. 1 51 .7
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L" , : , . tlu ' v ' -. t.:u re. , e i .. n p p'ililt o,:, n F er.v ir mL ts

-. :'. ' t : -e:<ic ! ': to , S ~:i t : OU'p r t- sJlif L 9 ro,- --

),' rce t L 10 t 0: e~ Ao~ ±.'ij 1l~ L 'L o 1 ilc l Z'-r re - SellLt oil

" *., , ..- .'r b t,-Q : i- i ;: )i:. t le ' iis -i 1 I, j ve'v

S,..our i':- ',,''" :t~ ,, pos i -i, tii w i,'t, Improve i t'e exteit of
'C. - : .... , '' 2 . ...' . :t it ) 1:: :., : .'.,. ,r ,>. ,owe c . , .4 c,, ar t t ,c

s ',, , ". t i.. its; >,, r c,'uits, L t ,e , 1 ess success,
t * , . pre: t it t .' 1. 1 . i . ehI',.toi eve ii

, St ,ct . . S :.rse te iL t'e P,?.t- co ' v 011 1 level

) ' irt %i t, I Pa r, 42) w:i.i i e. 11

K:.'iv e- : .' t :tI,)L i ti: Vi. nt., anl w iIC,, break out
*.ii1~~. tiL 't .I ~ ret 1) *,' 0?'1pr 1, j)cp 1 o r: u n

'1 t. ;, , :' i e i.r u .ii , L 0c.s - 1 p ete, picture. W hile
, -" ,',,.' : b ts .:.-> ie'i q , t t .; " , ic'r p2,I~JiO . s o r, v ete'

o u- Ate 1 711 1r0 te Lw.- prQ)port-, ,a )f t it less e hucate i , it -also
,, - 'v 4 : ,'e't i: ' -.2.1 ;,.)V . " :ii 2 ' '. r'ecru/tin {' pOSt1l,.e. /ec,'uit

.It Ics cw L: -t,o o er-ruprie tc I v - .i school graduates and
1. U, l - rev '5o'it - 1 I) c, *'dd l,_S t pOSt- ec llv SCioo LS an0 universities.

L I ,C 4 trAi rtI r l rio 1 or cioc*ri i1 VI c , of t',e trainaing lemands
i , "." t,) ;ro' iterat. ion n f co,.il ) 1 ec zoLe ogv in alI are.is of
niltl- fu't ,LI 1  in, a Li; AA1t f tIle trong ret. ionsip between rig

o , Apltou Ti e ,A :-cirer sIrvv: (Si nio & Scu Iem 198.2).

:-iW)e 3

* , rcelita;_"-; 'f C' ) i.aro~L ee ).L Various E',lucat:on Levels
CoIptre,i to Popu iLI1on Percent',Ies

':::L i

i,, . <,, -; , o ,,,O) ._;rad fli.,'. Sc ,,,o1 rai Post. See & Univ

-A-n Pop CF "n.. Pop CF Cdu Pop

4 3 6
'7 7

I',o 39,, 42%

II , ) 0 I Hil, Is 1 a ,Ilt' [ 1 1 i ,)Ii 1. -LttLiilfmelt pre,,eit I above
pr',. ,a L t L I ,a t I , o ni jor kjutst ion. 111y la s the UF beea relativeIy

I. i it Lr I ('L LiI I r 'etp rt.a e .itL :' ,' e: i Lt t 1 'II/C II tluIIi ty

041 1i. . 1'1 i,' O' I)i t iC i)) rwi t i'ir I A i 7 [lS "' lho elur,it o111

ii . 4 41 1~ *~i'' 'l ~I 1 1 "o t 1~ 1iI.1 ,,,1 ion.

i",A" 24 7
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ff ' I L i , t'0 S) uICL i i O Ii

t5 A L. t I, n ( r 1 i t r ~'i'L ir

, PI'''~ i . r o V Li L' I CAfl I; io~ %q e

4 ~ ~ ~ ~ ~ ~ ) iun t i no~' ivi 1*~sPv',i92 chll

*L i . 1, * S, 1 '' 1 1 L~~ t' *, 1.) os-~ ~ o~ 1 L r'd i i n(

z I :L- ui t~ 4,) 1 111 1 i -- ' kLr Pwa~ io '~I, I~ , p

-1c 1 1 1t) Le I; I Tp t U !o s-o s LAis p Itter

AI.~ t I; L 1 i1 Lr -1l 1, p ro: ItnIS ,i ~1r2e r sit r uc t ur es a
") jk L~ N' 1 1) 1',, a L~ L~ r, I~ Lo~ ar ve Lto a s:)i rrig) or q ui fiel

A, d l i.± 7 Lo ~ il .. CUC-it L ionIL iI aLree opruiie, jS

rL t J rk r-' ;L jhf Al tpirn oosu D~a e2~l I (lI aL 0iiI uaPPeI fo

tl1~.rz~ -3 -3 S'~ 0 111 I fioult tL an iwe r irectlIy. As a
t .4,lZ Lp,:rt::e L iog L i S'A(IU '1 1e :10 Le I Liat tie pass/ f ai I critLe!7ii

1,i;(, . " , o KS all I w iic" , toA a -r'c LtenTI , I f feet t~le rat- aai extent
l 1' Q,, e~ 'I ieL, Cil v a r CA S co"I r. t1., o v.r t imo , 9artiouLai-ly wliAL

') rd i, Lii It i. -V !,tieI o I * ill?, enrolnents . Th is
I>'.. t .I : L:a ml t'i re i i le( o~ t o n-l;aot

Ao ri ri- 1c 1f AtJ, lo I L ol A ~I Lso i)c c: wul ill t.ie fig; 4L of recent
L f2, S) Ls tn L~ (iLi St T i , ~i Y.i I o v t2r the I e Cj1 Ii io

0 t -I~ . : lcL jon. ,e.S( IrCi onilc'~si :,Cuio~aStiC aceiicv,.-aent scores
Lt II ti I. kii o " 3 t I ,) m i sutir es ) st ron,;lv i niicatLos i Aecline ; ,

I, i t, h I!" co'1Ipetene o I vo,it (Watt ~r !,a~ureaice , 1982). 'Wiat L hese
'a~c I 'At~ )L i~ L, I; Iu~~ i Lel ;,0 LtI e th I f Ibs o 1 t "f IL

i I r iii i it of al rr~ ti r , L ' ii I, S w IILt iL u; ei Lto be.

t f LU L k0 1L iti ih lit, I') 0. 1m'U tX IL u oR, tile

Iir' iL td itk o r :t,- I t C iic it 1 ooilI ji i II itv, i-ir- e Ieve ioprneat-s wi 11
i Akii'll -It ., I t > AAT ) ' i ivc colit r i hkit-i~ to Cie( past

k, k~ V' I ; g~ oI r UILIo .k .(2 c . (),I, '1 t: 1,1t i olni i oconilt(
A-L5 ii iLoi If f liiie,.pj) i o L i-at t es liA Ut wrk f-o-'A I t ii -j

II: ~ ~ 1% r I ig. l IiL 4''oi) A i1 1 , iL L it, r it-cs r'iiiiri i ll- soiflewliit 1 t 1 Ilier . at 1\),

I o L WAL I po l, 1t- I 0 oil I It i , I.. ( I r i, I ') ' V ~ i:e lI n

l o el 't~ 1iI L It, )l 1 p i h~l0Ar 1 ) Ion c A O tiet I ite IW'l(s it mv

k' tt ,) . t.A . . I 1ILIIi 000 1Vo ti ' -l I) 1 O' ) 1, aIr'm . zL
(),I lit >u), I i A I Iatiit ii t~- oi L0 t o v ' ilt: tuv - irLLjo a of k' -

-) (A. I0 I I\ Na L )' o oil M it-t Ii It i ol c ti I o fI
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sup ~ ~ ' 1 .:, efpo()l'en i-i t ie 15-24 ,ocar-ol i Segame It
o r ' 0 L ' I 1 o 'i It -"as 11 1,-a ',rodg'i L a bout bv le i i .i

it Lr t oi, ' it ' e' :1 it ipp an enrotA 1 l T'0 1 f igu~r es for

ts 3Pt. a i i1i t Ie co--r4 w't1' 1'-, 1t i i 1L1) neh t in CF s e tec tion
rat .. -

I t . T7% pI l

t'~c~,f~ri- z;' iiYoar' to 1)334

1 47 '1a: 1;i ' :~ 2' .eeto 8ai

2-4 ,1'36") 1: 3.0
1 18 62 3 2 )12 ), 26 1 1:3.2

2%./3 66L3 ~74 1:6.0
19 8 3 /8# '9 , 3,3 1,3 17.4

~ecrit pi itL Were i:,Jt I ing ut ugQ Y- t t~c ecurrent CC recruit

iua 1.itv. is L 1:8el; v ii art Ltact of a re-eat nia' Lona I ecooni downturn, it
is sober ivi, to t ikwhiit 4 ii t hiappen it t;he re is an upswi1ng -.. thle
o CO1o .7 )if L w s aip p I s ;At? , Ic I. it-, ii,) utInm;)Ioyrnen t in tile youth
ppuil I L t ion in I tI e a L ri ,t 10 eeL e ctLs o I !, rograp**ics wi 1.1 rapidly shrink
L. t e )(2:,oa -w 1, p,-,)1. , 9 L te lei- i~v s i!e , a surge in voluiltary

ItL r1 Lion, -i exte ri empl~y lent ')pportoLknties initterillize, will p)robably
r ~~-~yI c * i injjuoa s to or beyoni pre-rcca ssiori levels. Vie f Irst

j?mc wouol I be ol iu itL!Ly . '.lataers coal'i 'mL;o be a Problem.

tit tOL Iiwi'Ct~ rec,-ui Lha,, strategies andl personnel
pi i es , 7pirt irtilarl-; I, to,,e icsigag~e' ml prop laced -4L tii a v iew to coping

w~t 1 a'iot/r-:.IL L 'eC~it :igec;,w t C un,; a rc il risk, ot suffering

-s Ltrait ,, i zo I f - i mt 1t ci tell woun-i . Cto io tyaeas wilkto i r-2(uire urgentL
wv t-4 !.k o"i( r' LO , n ,tiIl ti is evelt tia Li i no tude Llt io ci owing,:

a.roe!e ii, s Lie Ligb! t, m ilwer pwc I , wiili woliLd 'ufii ally
otti it i I L re a ( i L f i, bairrt i o rs t tie exnaiis oil o f womn S
zzt Ill-, ,W 00 1 L' 0eV otii t 1 I-YiL r 7 programs for

iI l y call 4 t

0.itp'it t w fi L t ' L n 40 1 I i r y t ra in in;, aail c iv ilI jan
lo ' lc' cu 'l IA"Il i nc rea-ieOd L e t Laace on

I Lt t t- LV I sill A ; It C ()Ib I,,int o I--I~ts~

0 1 c k C C Ui L, dt L p)ri It I I ll tfit, [i LitLiry-

I ii L ,a ionl i 11 r I's t Lu t , wq it( iS inil,' .; prov itng
Ill(),' 4' i~'iW t o i let- ill i t ' 7 '.Z It olO, ; Wdt , ili v
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.V). "I", t:ic poss iboili tx o: I -iatloa OiALseViCt SCii-le w-deic
ol v ir v i'n app Iica t ion f rwr t ie iLIuIt ion Of d a national

% ~~~pil:) ic-s r v c- e r.ir L , !I, I ;Ii teS -Ii it 71 C se~rvice as anl
No)"t i'n . to .1 capceI;i~ eLIcidbn its proordln for

.ruoo, '(r\ , ii, 1 1C ()78). Cana laIes pro fess ion Il
TIizrv t e L i ts S civil i.tnition. Armel Fo0r c es and.

1964 - T)t. iiji;r i1 sec iu iti, ic t iag,,, and trainiing Ole

ilext "eierlt ion ' tec:inlic* Iins. P iper presene tteNf R
Pa iw V 1ii .V)C&.,1o o 10 li- l ) nIcs t

~ ):S 'L te2b De v 00, iop I L , I: Zc 1 en i~ ~n lan I.
1,y o , 1 3)la 't i
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P'' 16 Pp tr 8 '4 - . ,Ii. i-L , i't I Ci I ii IF orces A

Personne I App ie1 iRe, earcu ;Ui t.
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C.'ecnnic5 Noei72. .illowlale, TitL: Canalian Forces Personnel
'Xppl le i Researcil Unit.

FPinc, F. C. ( 1982) 1iitary manpower and socill cliange: assessing tile
in-stitutional fit. r..e1I Fo rces and Society, 8, 575-600.

-nfl~o K~. (1982). Correlates of !irst terni

ILtrLt;': coiadarison across £CrCP natos UI'P ( cinicai Panel
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Role, Importance and Availability ot
GFAF Reservists

.Heinz-J. Ebenrett
Federal Armed Forces Office, Bonn, FedRep Germany

presented by
Hans Kuessner

e Fe-dral Armed Forces Office

* Ehe Mission

_rhe mission assigned to the German Federal Armed Forces (GFAF) by
NATO requires the three Services - Army, Air Force, and Navy - to
render an essential and decisive contribution to the collective
defense ot Central Europe and the Baltic Approaches.

'itiLh its 345,o00 soldiers on active duty, the Army contributes
the largest share to the total strength. The Air Force will grow
from almost 111,000 active airmen in peace to about twice that

- ize in war while the Navy will increase its present complement
of 39,000 sailors 1.75 times. These strength figures can only be
achieved by armed forces that are structured as a conscript army
with a high percentage of temporary-career and regular personnel
and that are supported by strong reserve personnel.

. Reserve Personnel

: ince the inception of the GFAF, 5.2 million men have performed
military service in the "Bundeswehr". 2.4 million of them are
still available for military purposes due to age and level of
t rain i ng.
At present, 762,000 reservists are included in plans for
assignments which must be filled by mobilization to achieve the
full defensive capability of the armed forces. Of these 762,000
rcservists firmly planned for mobilization, 40,000 are officers,

*196,000 NC's and 526,000 privates.
In the next two years, it is intended to raise these numbers by
9u,000 in order to be able to perform the task of the Wartime
Host Nation Support (WHNS) Program. As a result, wartime
strength will grow to 1.34 million service persornel, beginning
in 1987.

Use of Reserve Personnel

Army and Air Force are currently providing for 60,000 reservists
in the "Standby Readiness" component. In a crisis, the Federal

Mi nister of Defense can recall standby readiness personnel to
active duty in order to improve the operational readiness of
specific combat units of the Army and the Air force. Following a
decision by the Federal Government, the men in the Alert Reserve
are recal led in the course of mobilization measures. These men
will round out units and agencies of all the Services, assume
tasks d, igned to maintain the operational freedom for the armed
torce-, and support the allied forces. The balance of the
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reservists firmly included in the plans will be available to
V. major un' ts as replacement personnel.

The requirement of the armed forces for reserve personnel can be
.o0 met in terms of numbers, but there are still some deficiencies as

far as quality is concerned, since it has so far been impossible
to tr-iin all reservists during their periods of active military
servioe for their particular wartime assignments. They must be
given additional training during reserve duty training periods.

r (eserve Duty Training

Trdinin , and extension training of reserve personnel is provided
by a svstem of reserve training periods that is geared to the
needs ot wartime operational readiness:

IndivIdual reserve duty training periods are designed to
provide extension training to the individual reservist. Their
nornal duration is two to tour weeks. Reservists
often volunteer for them.
Mobilization exercise of a duration up to 12 days are in
the first place intended for the training of those elements
which in peacetimp exi t merP1y as Pquipment holding u sni s
with no personnel or as cadre-strength units.
Mobilization alert exercises are conducted without warning.
They last up to three days, and their purpose is to practice

mobilization procedures.

The i', ortarce which the armed forces attach to the reserve

component will continue to grow in the years to come. The
reservist concept is currently being updated in connection with
studies under way concerning the structure of the Getman
forces. The goal is not only to continue to meet the numerical
requirement of the forces for reserve personnel, but also to
improve the qual t ty of training through organizational measures
and to ensure that the burdens involved are distributed to all
reservists as equitably as possible. Spaces for reserve duty
training are to rise to 6,600 by 1986. This will make it
possible, for the first time to recall more than 200,000

reservists per annum for reserve duty training periods and to
narrow the , till existing gaps in their training.

In the nineties, the number of spaces for reserve duty training
will II radual Iv be increased t ) 15,000. These measure will enablo
up to 4011,00) reservists per year to be recalled for reserve
duty training periods and to be trained for their wartime
assin nments. teserve personnel must then expect to be recalled
nore frequently and perhaps for shorter periods of time. Such a
conscripted program would pose an additional burden both on the
individual'- coiicerned and on industry and economy.

Model "Reservi st Voluntec ring by Particular Declaration"

The re are doubts that these far reaching plaps (meat ioned above)
can be reali: e ; epecially with regard to the readiness ot
re,,ervist,, to) participate :epoatedly on extension traint ig
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I n ord er t at rc ru ei s e r rev e p)erI-sonn11el r or matters of
irit en1si ied t rani 1n, a speci1al model has been developed. T a is

modelI i s ca 1 1c Rt s vrv i ko lun Leeri ng by Part icular
Declaira t ion Cq st c ' 't thle toilowing elements:

1. The re ,vrv i -,t fr rra I , d ec Ia res t,) r ende r repe a tedl1y
(add i tioi a I o onIi i a vr r e sr ve dv k.tyrra in ing)

mo bi I i z a t i on e- e rci ,(- a n t raining, periods of at least
d8 dayV a 1.1 a kjall wv be I e , when realized) fir a minimum

o f 3 v e a

T. ie s ta-t us t~ *'.nnter ing Reservist" will be that
o f a c o rs c -ipt i no hi ivc7ent shall be f ixed according to
nli S c i Vi I i a I i C'om-.,

3. t h rt'i pttt o (143~ C , id terms ot exe rcise the reservist

is o' ter ed C ) com ca ' inderstanding with his mobilization

A. q r t s tiet ,evs may expect development

di AJQUtU I, L I Ii do aal m, I a r car Ce r.

Th e mo del p rina r i i a i m at leadership personnel in mobilization
uni ts up t the Ie v e 1of a battalion commander. The

o >'l.t ee r ;n R .eerv s t i..l ~ e ly receive miIi ta ry training
i n the Saine mobiIi zat i.oin ui t. The purpose of this is to enhance

u n it cohiesion armo n g reqe r v is ts as a way of increasing unit
e ff e ct ive n vss. Add it ioniall 1y i t is expected that the commitment of

the "VolunteerI 'Ig I-,esevrv is;t , i. t,. t he ir und ers tand ing of and
corresponding to common defense duty, will have a distinctively
pos itive influence on fel low ci tizens.

*-(Supplementaiy to the mnodel mentioned above there are

reflections about thle intrcduction of a status for part-time
sol diecr,. Preliminary considerat ions a*i at civilian

operaitors , n e , ia Vi C , technici ans etc. who can make it
possbleto erv aspar-time soldiers; for exampleon

a i ~v r r wee(?I or s e veral days a month. That type of
r e, iis t" Wo l Id he earmarked to move and maintain military

e q u i pent1 and mnateri al of those elements, which in peacetime
exist merely a-, equipment holding units with no personnel or
a s cad re-st rength u n it s. Nevertheless, at the present time _

Lher2? is, legalI basis for part-time soldiers in Germany and

t l er e; o re this mo(,, I ha; iot vet exceeded the status of

p)r eIi iin ir v c isi(Ie raiI in s. It at all, it may be carried onl
when t he( mod(,e I c 0n c r ni no thle "VO lunteering Reservists"* has
been r ealI z ed

Sn q kil r y o I t he d- ,rt c (f A ccp t illo(!

The eccuion ,i t 1-r the 'VoI tin t e rri R es er v ist model. will be
real iz2!, P.1 nt ir nd i nv' Inter all c, I t depends on

th- dit greev A:" Li; Lu the reservists. I n order to get W~

i l d (i' i i s is a nd plan n ing, [lie
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Psychological Service of the GFAF has been assigned the mission

of dererminig this acceptance by means of a representative

survey.

Currently a representative sample of 2.500 reservists is being

conducted. Results will be given not before the end of the
year. Nevertheless, some preliminary trends can be drawn from

pretest data. The following preliminary data may be of some

interest.

Primarily for matters of testing the suitablility of the

questioning instrument a sample of 182 reservists in leadership

functions, who happened to render a reserve duty training in
August Il85 had been asked about their interest in the

"Volunteering Reservists" model. The proportion of answers to

the central question show a distinctly high degree of acceptance:

Interest in Participating:(N)

tot al NCO' s Senior Officers

or cand. NCO's

"yes" 74 33 16 25

"uncertain" 22
no 85 63 30 15

(I missing)

74 of the 182 reservists (= 41 %) stated an individual interest,
the o.ficers in the sample even by majority.

Reason for Rejection

With respect to those subgroups who showed "no" or "uncertdin"

interest (N = 85 + 22 = 1-07) it is obvious that the predominant

reasons given for rejection referred to occupational claims or

hinderances. Claims of family were of minor but significant

importance. Although each third of the uninterested reservists

manifested doubts in the purpose and sense of military duty, too,
t can be said that the main reasons for rejection are more

obje-tive hinderances in the occupational and personal sphere and
less negative attitudes or reservations towards the military

-s Reasons for Re1 2_cion(multiple answers)

Subgroups: "no interest" (N=85) and "uncertain" (N=22)
"primarily "important (others)

occupational claims 63 18 26

reservations of the boss 2,8 23 53
occupational drawbacks 30 15 62

cJaims of family 31 27 49

reservations of the spouse 21 26 60

doubt, in purpose and

sense of military duty 20 16 71
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Keasons for Volunteering

As for the subgroup of those reservists who showed interest in

the model it is noteworthy that the actual source of that
interest seems to be a positive attitude towards the military in

general. The far overwhelming majority of the interested

reservists stated a noticeable rate of contacts to the armed

forces, positive experiences during terms as well as the utility

of military training while on civilian business, The reasons

which may attract them to consider a participation on the

"Volunteering Reservist" model are given in the following:

Reasons/Conditions foi" Volunteering
Subgroup: "interested in . . . N =  74

very important "important" (others)
agreements upon dates 53 18 3
good morale in the unit 36 31 7

-uitahle duties 36 23 15

military leadership

development 34 25 15

promotion in rank 20 27 27

act ions near home 25 14 35

financial incentives 15 30 29

The condition to come to an understanding with the mobilization

unit upon the dates and terms of training periods is of utmost importance.

Nearly all of the interested reservists wanted to be able to plan and

determinate duty terms in advance. If that is made sure, they seem to be more
attracted by idealistic views and incentives (i.e. morale, duty, leadership)

and less by objective advantages (i.e. promotion, payment, short distances).

Summary

Although the data may not be considered representative, they arre suggestive

of certain tendencies, which can specifically be verified in the main study.

With respect to the far-reaching aims of the "Volunteering Reservist" model it
is hoped that both substantial trends we mentioned above may be confirmed;

i.e. the sufficiently high degree of acceptance as well as the note that in

the first line reservists with idealistic views and motives are attracted.
Therefore, their commitment and understanding of duty to render repeatedly

voluntary training periods may justly be expected to have a lasting positive

A '- inluence on defense motivation of draftees and civilians, alike, in their

social surroundings.
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Retirement Read ness as a Function of
Transition Assistance and Trade

Major F.P. Wilson
Canadian Forces: Director of Personnel Selection,

Research and Second Careers

bRetirement normally represents the end of routine daily employnent in

order to earn one's 1 ving. Mid-career change, on the other hand, involves
leaving one job, either voluntarily or involuntarily, with the expectation
of undertaking other employment. A' though leaving the nil itary after
serving 20 or more years is commoaly referred to as retirement, the majority
of Canadian Forces (CF) leavers go on to second careers (Pinch & nImet,
1978). Better inoight into the problems of military mid-career change can
be acquired by considering this phenomenon from the perspective of
developnental and vocational psycholo,-y theories.

Research completed by Levinsoi, Darrow, Klind, Levinson and McKee-

(1978) suggested that there is a human life cycle made up of a series of
stages and substage4, with evcryone more or less passing through this
process . Levinson et al. 11978) and others (Lo wenthal , Thuristes &
C,iribogdi, 1975; Neugarteri, 1977; Vaillant, 1977) view the 40 to 50 age
per ,' e--..,, i -I- par 1 ;: ' ul a ,ar-1le , frcquc,, ntely .m.arked b) y per sonal.

k crises. Cqreer and occupational concerns play a significant role in
theories of anult development. Personal problems emanating from the
workplace can gain overriding importance in a person's life. Medical
research in the US Forces identi lied the "retoment syndrome" (Berkey
Stoebnee, 1968; Druss, 1965; Greenburg, 1965; McNleii & Grifferi, 1967;

i il, p, 1964 ) which is characterized by both social and intrapsychic

problems. These writers have posited that the social difficulties stem
from: the financial inadequacy of the annuity, which must be supplemented
1)y other incom e from a second career in the civilian labour force;
indecision ai to wherc to settle upon leaving the forces; loss of friervts
with similar jobs and common interests; and, perceived difficulty in finding
cnployment in an environment that harbours misguided stereotypes of what the
m military retiree has to offer. The intrapsychIc problems are in part
attributable to the anticipated loss of status and high degree of

respon,,n 1'ility for men and equipmenC, loss of the security which guarantees
the individual that he and his fanilv will be cared for if he becomes ill or

, incapacitated, loss of friends and lifestyle struccura, and the spectre of
impending, ambiguIty, uncertainty, complexity, and conflict attached to
start jg over" in a civil ian career.

-r Accordin, to Druss (1965) and Greenb'irg (1965), these social and
intrap.ychic problems during the latter part of the serviceman's career lead
to marital discord, excessive drinking., depression, insoInia, a variety of
psvchosonatic complaint4, and reduced w ,rk performance. Researchers In the
Canad ian context have al so exvn i ned prob Ins assoc fated with mid-career

hanee . Pinch and lLimel (1978) pxoiated out that many long-term service-
i',embers lack ;,Towledge concernin;g the civillan job market, are unable to
meet formal educational prerequisites for job, and have failed to recognize
the necessity for advan edt pre-retirement pl anni rig. These authors also
found that personnel frm *'hard" militacv occupations (i.e. trades without
read iI v di cernable -lvi I11n cotnterparts) were unemployed longer and were
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l ess I1kl t,) regaini former pay and status; level s. Second career con,-erns
i "fe,- t all -enrisr to some dreand can have a deleterious effect on
nrrscnnel f-erformance !ur inig the last several years of serv ice.

R e 1 7zi rv t hat prov id ing pre- re t ir eet a s Si Stance not only
fu, f itII s - ral ol , ia t i o r , I-ut 1! -so i-ip-c ts favourably on operational.
o(fec tivene ss , the PDepar t-en t of N:at toial t'fence 01M') haq inst it ttcd t ho

Scnd(.ire'or Assi stance ',etwor,, (SCAN) ,,r,)g rx Coripernents of SCAN include
iatucinin resukmt- preparation ard job,- search technique,;, information or,

* . tinania 'lnI' c L ~ iav'ii anrad ;red ita tion , and , counsel11i ng
0!n pet:rsona-l and1 soc ial ad j utstm e nt co :,cevrs ju&get! t o be sig Tit f Lc an t to

Siit- I i fe career lhne Teain Of the program is to hiel p the par tic ipants
hccr~e mre-pvchnoigicall y and practicall y prepar?( to leave the military

ic i a s..cor- d car.eer . ven thogh SCAN ias h een func t ioning since
9,P, its e ftecti ivness for r ead vi n, personnel for retirement has yet to be

*'sah ishd PiTe work repo-rted i this paper is part of research being
*codc& t) assess SCAN's effec t ivt nes in -a idin thlit secozid career

~r.i:ns, o in pr*oc es

exl Lie thle k!f fec s Cf q("\% thle ps yc hol oFic al construct
ca(,It! n i r ir cer nmattur it y was on sM e red to be ant a ppr opr ia te rconc eptalI
frrnpuor', In pr ev i bus res-,ea rch , Ca1r !er Ml~ u .r i tv wa s s liwn t o b e a ia.;, ir

!cter-n inan t of ed uc:atitonal and ita ctipa, t ional suLcc ess for adol esc ents (Super' ,
Cr ites , Hlammel , "ore , (verstreo t & Warrath , 1957; Super & Overstreet , 1.960;
Nelkowi tz, 1197 ) Re c opui zin g the d if f icul y inherent in m ea sur ing
vocit io)nal maitur ity beyo)7xl adoIe sc ence , Super (1977) presented a revi sed
theoret ic al riodelu be t ter sui ted to und e r sLand i ng career devel opment in
A? aul tq. -at er mod i f ica-tions (Super & Frnasel , 1979; Super & Kidd, 1979;
Super' ,98)ope-r. t io-na i zed the 7odI. 1'S, dirieis ions and recommended that , in
thie case of ai ul ts , thle term "career adiaptahil it,," beC u sed instead of

*v iat i ona I ria t iir i t y

T he';- , ic co4rd ingi to Skiper' -x adulr pa rid i M , c ar eor ada p tabilI itLy is
Mao UP ~f f iv e A i n en s ions: P an ful ne.s,; Rxpl ora tion d li-iformat iori

ori) inal11 Pee f - 1n -":ing r , a nd Real 1Liv orientAtifor. This paper wi 11
concentraite )n the h xpl oration ,r Exploratory Behavio3ur (EB) dimension of
t he mod el F !-; i broad c-neept co)ne ct-id wi th at tit ude,; toward voca tional

A rtsouir( ' ihil itv to dir nu htheir worth) from a personal perspeccive,
arwill inuness; to lidiize then in seair hing for a ;Ocnnd career. Due to

tho tin ilue <m)ntext L ) thi', rcscarTh , thbe more desc ri pcive term military
di sengapement read iness (M DR ) is used imoo s with career adaptability
throeughn it he pipc.

!nr-asm u( ii is career adaiptah iii tv or militar v di sengagerient readimess
isa u] ti-dimens;Ional psychol -)jtgiI conn.ept ( lordaan & !k'ydo , 1979; Super &

(rver-stret , 1 900; Stup-r & IKuoel , 1979), it p~ro\. ides an appropriate Medium
hroug?-h whi Ioh the e ffeects of the 2(Nprog ra~ii (,,n he ,e iskired . If SCAN i s

offective , there sho)uld be i os-it ive rel alush! p b-etwen participation in
thle prokgraxs and 'IDR. Fo r t hos e if di 7narke f able civil ian skill1s (~.
el ectr ic in p1 urber) , SC\N aippears, to) () ffer serv ices; that are imined !a telv
Ius-e f UI (e -g r. , ; resm (.ritL i ii , t rade- e ~r t i f ,a t ion, jorb sea rch te, hn i que s)
lHowever , for thiose( whiose trades aro koil Y r em tel y marketable tisch a- Comb it

rmthe serv ic es o f tered hv S)CAN (e . n, nformat ion on acad (-n ic tipgrad log,
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skill1 re tra in ing co urse s) o ff er a more Ilong term sol ut ion to the ir
prob! ms. This study treated the SCAN program and military trade category
IS i nd epe nden t varijables a nd m ea sur ed thle ir effects upo n one of thle
ise n,,acvre -it r ead ine ss d imen sions , i e. thle inderendent variable , EB.

'A-)re spec if fical I v, thi s rcsearch invest igated: a) whe ther there ar e
d di f fere -t in it ial levels of '-,DR , a4; measured by the EB scale, across
mil itary (ccupa t ions; b) -,he overallI effect of SCANo, R a )wete

Lra'leq were di fferentially effeeted b- SC-\N.

H-ects were 3"! male nMrr--omssionod officers d ivided Into two
r )up the SCA.% treatment group, those who were reg istered In the program

oil i ~nd 1,' d iat ended a t ea st one - an inar ; and, tW h-k SCAN coilt rol g roup , tho se
i~d no) contact ith the prog rw but intended to reg ister in SCAN before

re i rig .i it ,in eac h o f t hese iups , three t rad e ca tegor ies were im po sed :
&-,it 1, 'hard mil itary trades wilth no civil ian counterpart ; Ca t 2, low to

em i-,;k ilIIed trades wi th c ivili1a n coutnter part ; Cat 3, h IFhly -,killed trades
t t'civil ian ccounterpart. The three trade categcr-es were developed from

d' r aa (e scri pt ions contained in1 thfe Canadian Classi f icat ion
1it 0 narv o c iupa tio ns ( CCUP) Ca t I contained 18 tra'Ie , Ca t 2

cotained 39, and Cat 3 contained 55.

Thie 11M lit anry D I seng agem en t Read in es s In ve nt or y ( MDR I) waxs d e s igned to
-iosure di1 sengagement read iness within C'7 retirees. Thle MDRI questionnaire

% ntl e d oigh"1t scalIes reflecting Super' s d imensions of career
id Iptahil itx'. The EB scale was developed based on the Super and Knasel

rareer 1)lann i ng areas is le-irning about job sea r ch techniqueg, writing
vocAt io na I t cs tsq, d1vt eni n gk pension benef its and obt a in ing in format ion

ao ut rtt rai n in g pr og r a:ms . The se-a I e contained 16 items and was scored
uig iTi, ucce ss ivo categories f ron 1 t o 6. An I t em a n aly sis I d c P t ed a
-oIf fic tent al pha of .9038 for Lhi s scale .

T I e S CA N iroup wa s ad ci n is t er ed thle M DR I a t thle start of a SCAN

i ar' , A nd ia, a t Lwc mion ths a fte rwa rds. To generate a control group, the
V )T I _T'i- ;(,,t ouot 'luring, the same tiniefraine to members identi fied as having
five r lessvirs to serve before retirement. Individuals who Indicated on
the firt MobR hiLa they. were planning to reg ister In SCAN at a later dlate

~ re sl c tedr] te oSA group and rece ived a se-ond questionnaire at

t e s;ame time a- th- SCAN grcoup.

I,%A LY,,I S AND IRESVLFS

A p1 it plot \NQ'VA was used with two bet ween subject farctors , I .
t rade o t r ind treatmeait group. Pie within subjct variahb?(, ERB, was

niqurod viai tie t\m) MI idnn r~to, pprniximatel y two- months apart .
!X ir i n)g the iont-,r v en i ng per io d , thle SCAN t reatmnent group at tended a SCAN

s-i ia aiirind part ic ipatedl In other program activities, weeas the No SCAN
ropwa1s '1( oxi 1 ))sed to an- aspect o I the program.
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TlB LE I

Mean Exploratory Behaviour Scores of

Treatment Group Over Time*

GROUP TIME I TIME 2

SCAN 47.87 57.04

(N=270) SD=17.51 SD=18.45

No SCAN 39,85 42.45

(N84) SD=l 6.28 SD=l 6.83

• Trade group means are not shown as all differences .4ere non-significant.

Mean before and after EB scores for the SCAN and No SCAN groups are

presented in Table ]. Overall F value indicated that there is no

significant trade by treatment interaction over time. Houever, the

treatment by time interaction was significant, F (347,1) = 14.60, p<.O01

with the group receiving SCAN showing a greater increase in EB on the second
neasure of the MDRI. There were also significant main effects for time, F

(347,1) = 108.11 p<.001, and treatment, F (347,J)= 30,68 p<.001, but not

for trade, F (347,2) = .4759, p> .05. (Reported F values are based on

multivariate test results.)

Paired comparisons, using Dunn's test of significance (p / .05/4 =

.0125) indicated that upon the first testing, there was a significant

difference between the SCAN and No SCAN groups, with the SCAN group

displaying greater EB, t (359) = 3.57, p K .001, The second administration

slowed even greater difference between these two groups, t (359) = 6.46, p./-

.001. Over time, the SCAN group showed a significant increase in EB, t
(269) = 10.63, p<.O01, whereas the ,o SCAN group remained unchanged, t (83)

= 1.91, p= .06.

DISCUSSION AND CONCLUSION

The aim of this research was to dr-ermine whether members trained in

trades having readily recognizable .'i*tti-n counterparts are more prepared

to make the transition to a second career, whether SCAN has an impact on the

readiness of the individual to make the d'an. t!on, and, whether SCAN

,Iifkerentlally affects readiness. to seek a secnd career across trade

categories. As demonstrated in this resarch, SCAN is definitely affecting

an individual's predisposition to explore various ways of finding second

careers. This corroborates earl ier research conducted with adolescents

demonstrating that career matuT ity can be taught. (Ya te,, Johnsoti, & Johnson,

1979). Iowever, all trades appear to be affected equally by SCAN. That is,

those in "hard" military occupations report the same exploratory behaviour

as those in more readily marketable occupations. An explanation for this

finding may be that the EB items have more obvious applicability to second

career concerns than other MDRI scales. Such activities as preparing a

career requm0, learning about job search technique, , and writing vocational

test,; would a ppear to have equal relevance across trade categories

259

.

%-



owver', this finding also may be an ,ndlcatlon that the mili:ary
occupations could be rearranged on a rational or statistlcal basis to
reflect a Ltetrer delineation of categories.

The results of this research suggest that SCAN is hiaving a positive
affect on at least one aspect of second career daptabillty. It seems

likely that an increase in knowledge and skills directed at easing the
transition to the civilian workf.-rce would reduce the stress and anxiety
associated with retiring from the military. Thus, this leads to the belief
that not only is SCAN fulfilling a moral obligation, but it likewise may be
helping to maintain a more eifective servicemember over the last several
years prior to retirement.

This paper reported on the . xploration dimension of the second career
adaptability concept (Super', 1983). A] though EB is only one of five
discrete dimensions encompassed by second career adaptability, the results
of this research suggest that the construct can be operationalized and used
for gaining greater understand ing of military second career transition.
lIokwver , much stronger evidence to support the validity of the construct
would be provided by investigating the post-retirement status of SCAN and
non SCAN retirees.

N._ 11
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Development of an Air Force

Iraining Decisions System

Sharon K. Garcia
Air Force Human Resources Laboratory

Brooks Air Force Base, Texas

1. Introduction

The rmanagement ot technical training requires the coordination of efforts
among numerou- Air Force organizations. Significa:,t roles in determining the

nature of technical training are filled, for example, by the Air Force deputy

chief ot staft for manpower and personnel; by Air Force functional managers;
and bv agencies at the Air Force Manpower and Personnel Center in charge of

iob classification, assignments, and management of the on-the-job training
prograrms. The Air Training Command at its headquarters, Lechnical training

centers, and other Uilts plays a central role in policy as well as day-to-day
tra)ning irana2ement. The headquarters c~f all major commands have a major
voice in training decisions; and additional inputs are gathered from various

ahoc r-ining study groups, AF laboratories, and research centers.

5,'. Because of the scope and complexity of the training and personnel systems,

man," decisions that impact on training are made, to some extent independently,
by different management units responsible for different parts of the training

and personnel systems. Conflicting goals are inevitable. As each unit

attempts to optimize operations within its own area, the net result is
'competinp objectives and total system suboptimization. Part of the problem is

that relevant data for many training decisions are not available. For

example, in practice, the amount of resident technical school training is
largejv determined by pre-defined budgets, and whatever content is not covered

in the school is left to on-the-job training, with little data for assessing

the impacts on OJT resources, costs, and capacities. In addition, alternative
ways in whi-h the overall training system might be restructured in concert
with operational changes in personnel utilization are not considered. Hence,

a more unified total systems approach to such problems with all relevant data
.on idcred was needed. In response to this need, Air Staff and the HQ Air

Trainin Command requested the AF Human Resources Laboratory to conduct
research in an attempt to refine current training decision procedures. The

roearch, entitled tho Training Decisions System (TDS), has as its objective

the *lvplopment of a computer-assisted decisions system to address the what,
hen, and where training deisions for ,,ny one specialty. What refers to what

job taks, skills, and knowled ges should be emphasized in training. When

reters to at what point in an airman's career training should be provided
(e.g., upon entry, OJT, advanced training). Where, refers to the question of

where training should be provided (e.g., resident school, field units, CDC,

MAJCOM, other).

II. Development ot the Iraining Decisions System (TDS)

The [DS will involve the development of four basic, user-friendly
interactive subsystms. They are the Task Characteristics Subsystem (TCS),

"eld Ut ili7ation Subsvstem (FUS), Resource/Cost Subsystem (RCS), and the
Inte rat ion and Opt imizat ion Subsiystem (lOS)
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The Task Characteristics Subsystem (TCS) will be developed and used for
identifving clusters of job tasks that can be appropriately trained as a unit,
based on cornmon skill and knowledge requirements and other shared
characteristics (e.g., the probabilitv ot co-performance). These units will
be known as Task Training Modules (TT.s) and will be used as the basic unit of
analysis in the Training Decisions System. Once task training modules have
been designed, a rethodolo2v will be de-veloped tor allocating these TTMs to
the appropriate trainino settings or qites which may include initial skill
resident trainini, on-the-job trainin , or correspondence ourses.

The Field Utilization Subsystem (FL'S) willI be used to describe existing
pattern, 0 airr.)r. utilization in terms of jobs, training states, and major
career paths. In addition the FL'S wll attempt to define training/personnel
assignment patterns that represent alternotivc approaches to training,
assignent, and use ot airmen in a particular specialty, based on management
preferences. Pkott training content and job descriptions will be represented
bv col lect ,ns o I task trai n in modules.

Ihe t<kokurce (,) t Subs vst er (R(S) wi ll be deve loped for estimating the costs
and rezo.urct- reyii red tor trai nin di'ierent clusters of job tasks in
alternative rrairin' .ett ins; for estimat ing the training capacities of
alternative train i . -,,ttins; and for developing summary estimates of costs,
resourc, , a-, : i t i',, ,,,''ded I or spec if ied training a Iternat ives.

Ihe l1t,. r-t1 t i0 I ' (;t ir 1i71t Ion Subsyster, (1OS) ill result in the
intecr it "'i , tI r,-' previouslv described subsystems and develop effective
decision aiI.! ,,r AE- tfchrival tr-ining designers. The final product of the
10S will , t,-, rii :ins Decisions System; a user friendly software package,
brinvin t,-,thr i (omplcx of elements describing training, pers-nnel, and

" cost Ia(tors. a wl,,1I as management policy preferences. State-of-the-art
decision model technolopies will then be applied to these elements to answer
"what " quest ion- for manageement, and to develop "optimal" training designs,

• for wore cost-effective training decisions. A conceptual diagram of each of
the TDS s'bsvsterrs is provided in Fiure 1.

Research and development of the TDS is a four-year contract effort. The
prime contractor is McDonnell Douglas Astronautics. The contract began in
Sept 83 and will be completed in Sept 87. Initial development of the TDS is
being applied to four Air Force career ladders or occupations. They are
Avionic Inertial and Radar Navigation Syqteirs, Security/Law Enforcement,
Aircraft Environmental Systems, and Flectronic Computer and Switching Systems.

lii. Conclusions

Once completed, the Training Decisions System will produce a training

decisions system that will provide re ly available, validated information to
the Air Staff and user commands, especially Air Training Command, on costs and
consequences of tiaining decision alternatives under different constraints,
costs, and personnel utilizaticn patterns. The following benefits are

anticipated from the implementation ot such a system: (a) enhanced mission
readiness through optimizing the match of technical training resources and
overall operational demands, (b) increased training efficiency through
optimizing the .,equence and settings in which training oc'urs, (c) improved
personnel utilization through development of methods for analyzing functional
job patterns in rlation to optimized training sequences, (d) increased cost
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effectiveness of training through the formu.ation of training decisions based
)n explicit cost and resource consequences, and (e) reduction of excessive
operational training commitments through more accurate estimation and analysis
of unit capacity to train while meeting ongoing mission demands. In short,
TDS will give managers the tool to plan for th, best training for the dollar.

TOS-PHASE I TDS-PHASE 11
TASK CHARACTERISTICS SUBSYSTEM (TCS) WIN FIE TUZATION SUBSYSTEM (FIUS)
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DEFINING TA6K TRAINING MODULES:

COPERFORMANCE CLUSTERING

Drs. B. M. Perrin, C. S. Vaughan, R. M. Yadrick,
& J. L. Mitchell

McDonnell Douglas Astronautics Company
Saint Louis, MO & San Antonio, TX

Training decision-making in the Air Force is a process of balancing, either
explicitly or implicitly, a number of distinct and often conflicting considerations.
Inst-uctional effectiveness, manpower and personnel utilization plans, and financial
factors must all be balanced in deciding who gets trained, when during their career,
on what skills, and using which modes of instruction. Currently, Utilization and
Training Workshops are used as a forum to weigh these consideratiuns in determining
training policy for an Air Force Specialty (AFS). Difficult decisions are made even
more complex however, because the information available to these groups is often frag-
mentary, due to the number of distinct 3kills and knowledges in an AFS, the number of
possible instructional modes, and the costs associated with training each skill using
each mode.

The Training Decisions System (TDS) will be a means of bringing together infor-
mation concerning each of these factors--instructional, personnel utilization, and
financial--to aid Air Force r agers in establishing training policy. The key ele-
ments of the TDS are the sets of skills and knowledges for which the relative in-
structional efficiencies of various training and utilization policies will be Aeter-
mined. These sets of skills and knowledges will be in the form of groups of Occu-

pational Survey (OS) tasks, known as Task Training Modules (TTMs). Ideally, TTMs will
be groups of OS tasks that are relatively homogeneous with respect to underlying 4
skills and knowledges and that are relatively distinct from other groups of OS tasks
(i.e., other Tlls); consequently, TTMS should capture efficiencies of training that
might result from conmmon training materials, content, e;uipment, and the like.

Additional training efficiencies ac:rue from training similar tasks together if
these tasks are also coperformed (i.e., performed by the samt personnel). Thus, TTMs
should be composed of tasks which are similar and which are performed by the same
-personnel, if the information to be provided by the TDS is to be maximally useful. In
a separate paper that follows in these proceedings (Yadrick, Vaughan, Perrin, and
Mitchell, 1985), we have documented our method of obtaining expert judgments con-
cerning task similarity. In this paper, we present procedures that may be used to
hierarchically cluster tasks based on their reported coperformance in the OS. These
statistical clusterings will tnn be compared to experts' groupings of the same tasks.
Results are presented for two AFSs--328X4, Avionic Inertial and Radar Navigation
Systems; an ?1 1XA, Security, Law Enforcement, and Law Enforcement-Military Working
Dog Qualified. "

METHOD

Statistical clustering has been used for some time in military occupational
analysis to aid job analysts in identifying job-types (i.e., groups of individuals
performing similar tasks). The clustering technique that has been applied to this
problem and is utilized in the Comprehensive Occupational Data Analysis Programs..

4CODAP) system 4s the average linkage clustering procedure (Ward, 1963). This pro-
cedure has performed well in empirical studies, as compared to other procedures re-
ported in the statistical literature (Milligan, 1981; Mojena, 1977). I
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Figure 1 illustrates the relationship between case (or person) clustering, the
normal application of CODAP to job-typing, and task clustering, the application to
idertifying tasks that are performed by the same personnel. (Note: Air Force job-
typing normally uses a relative time spent measure for clustering cases rather than
the performed/rot ,performed dichotomy depicted in Figure 1; in this case, a number
between 0 and 1 representing relative time spent on a task would replace the l's in
the figure.) While job-typing involves grouping persons who perform the same (or
similar) sets of tasks, task clustering produces sets of tasks which are frequently
coperformed.

Task clustering can be accomplished in CODAP by transposing the raw data file
that is input to the system. That is, instead of task performance data for each
person as represented on the left side of Figure 1, each record would consist of
person performance data for each task (as represented on the right side of Figure 1).
This transposed data would then be processed by CODAP, yielding a task coperformance
cluster diagram.

Transposing the data input file has the effect of making the number of cases
appear to the system as the number of tasks, and the number of tasks becomes the
number of cases. This effect can have serious practical implications when the number
of cases is large, as CODAP is limited in the number of 'tasks" (transposed cases) it
car process (the IBM version can handle up to 2000 tasks, and the UNIVAC version can
process up to 1700, although a UNIVAC rewrite of CODAP will be able to process. 3000
tasks).

FIGUIRE 1: A COMPARISON OF CASE CLUSTERING ANU TASK CLUSTERING

JOB TYPING: CLUSTERING PERSONS TTM CONSTRUCTION: CLUSTERING TASKS
WHO PERFORM THE SAME (OR THAT ARE PERFORMED TOGETHER

SIMILAR) SETS OF TASKS9-2

TASKS PERSONS

PERSONS 1 2 3 4 5 6 7 8 9 TASKS 1 2 3 4 5 6 7 8

1 111 1 111

JOBI 21 11 TTMI 2 1 1 1 1

3 1 1 1 11 1 3 1 1 1 1

4 41 111 4 1111

5rnm 1 11 TTII 1 5 1 11 1

7 11! 7 11JOB IV TTMIl 816 1 1

111 ..... 1 8 1 1
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To avoid this limitation, one may compile a task similarity matrix external to
CODAP, end then, use this matrix to cluster the task data. The performed/not per-
formed similarity measure used in CODAP is as follows:S Ij = ((Nij/IN i) + (N I/Nji))12

where N i . is the number of persons performing both tasks i and j, N is the number of
persons erforming task i, and N. is the number performing task . In words, the
similarity between pairs of tasksJis the average of the two ratios of the number of
persons performing both tasks divided by the number performing each task.

Both procedures--thp transposition of the raw data and the computation of a
similarity matrix--were i.ed to analyze task coperformance in the 328X4 OS data to
verify the methods. Because of the number of cases in the 811XX OS sample, in excess
of 6000, a task similarity matrix computed outside of CODAP was used to cluster the
data.

One measure of the homogeneity of the tasks taken to form a TTM is the between
group similarity. Between group similarity is the average of the similarities of the
tasks between the groups being merged to form a particular cluster. It is defined as
follows:

where S.. is the similarity betwee tasks i and j from the two groups to be merged and
Nij is Ne number of task comparisons between the groups.

Several statistics are available to compare clusterings or groupings of a single
sample, based on a pairwise classification of oises for the two solutions. Table I

.illustrates the classification scheme, where each of the four cells specifies a type
of agreement or disagreement between the solutions. For example, cell A indicates the
number of pairs of cases grouped by both methods, while cell D is the number of pairs
grouped separately by both solutions. -Cell B and C indicate frequencies of disagree-
ment in which pairs are grouped by one method, but not the other. Three comparison
statistics can be defined in terms of these cell frequencies as follows:

Rand (1971): (A + D) I (A + B + C + D)
Jaccard (Downton & Brennan, 1980): A I (A + B + C)
Fowlkes & Mallows (1983): A //(A + B) (A + C)

Table 1: A pairwise classification scheme used to compare two clustering solutions.

Solution 1

pair in same pair not in same
cluster cluster

pair in same
cluster A B

Solution 2

pair not In C D
same cluster
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All three statistics .yield a value of 1.00 when the two solutions agree per-
fectly, ard all tnree have a lower bound of 0. The Rand statistic, despite being the
mst widely used, is ofter inflated by using pairs not classified together by either
procedure (ce'l D) as reflective of solution consistency. Both the Jaccard and the
Fow'kes & Mallows statistics were devised, in part, to overcome this probler. Sam-
piing distributions are not available for these statistics; consequently, the numbers
are nct dlreztly interpretable as indicating either agreement or disagreement between
methods.

Two complications in comparing expert and statistical groupings of the tasks are
worth noting at the outset. First, due to infrequent performance of some tasks within
an AFS, the experts dropped some tasks from their groupings. While the number of
deleteo tasks was generally very small, one group of expertL dropped 27 tasks from the
328X4 OS task list. When this complication occurred, these tasks were omitted from
the analysis, and so, are not reflected in the comparison statistics.

Toe second complication resulted from experts placing the same task in two or
more TTMs--an action they were directed to take if they believed it was necessary.
kain, in absolute terms, this action was taken relatively infrequently, although one
task statement was placed in five different TTMs by one group of experts. This
complication was handled by counting each occurrence of the task individually; that
is, one sorting by the experts may have agreed with the coperformance clustering (and
be counted in cell A of Table 1), while a second sorting may have disagreed with the
statistical clustering (and be counted in cell B or C).

RESULTSr... Unlike case clustering to identify job-types which has more than 30 years of
research and practice behind it, very little information exists to aid in identifying

-ilms from a task coperformance cluster diagram. Rules-of-thumb which occupational

analysts have adopted to narrow the search for important Jobs maj or may not be rele-
vant to the search for TTMs. Particularly problenatic is the determination of the

number of TTMs. Since the clustering golution is hierarchical, TTMs of any degree of
specificity can be identified.

An approach to this problem is to use the same type of heuristics a job analyst
would use to interprete a case clustering. One of the authors of this paper, who is
familiar with both occupational analysis and the 811XX career field, used this ap-
proach. He identified nineteen general task content areas (similar to 'he higher
order job clusters in job analysis) and 67 TTMs within those general areas. The TTMs
varied in size from 2 to 34 tasks and averaged just under 10 tasks per TTM. The
between group similarities of the TTMs identified from the 811XX OS task coperformance
clustering ranged from 26.75 to 91.20, and averaged 58.87.

While these TTMs, by definition, have the desirable characteristic of being

composed of tasks which tend to be performed by the same personnel, the degree to
which the tasks are similar in terms of skills and knowledges is not known. Some
indication of the skill/knowledge homogeneity of the coperformance clusters can be
obtained by comparing these results to those obtained from having experts group the

tasks.

- .- Two additional issues had to be addressed before the results of the expert and
statistical clusterings could be directly compared. First, the number of statistical
clusters had to be determined, since the comparison statistics are influenced by the
specificity of the results. To promote comparability between the procedures, the
number of statistical clusters was set equal to the number of expert task groupings
for each comparison. The second issue dealt with how to select the statistical
clusters; it was decided to use the task clusters which maximized between groups
homogeneity. This purely statistical criterion was chosen because it permitted
selection of different sets of TTMs with different degrees of specificity. This
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approach also elic'nated the variability that might have resulted from differences
between analysts, had interpretations of the coperformance cluster diagram been used.
Thus, the coMparisons reflect the degree to which the statistical clusterings, without
interpretation, capture expert task groupings.

Table 2 summnarizes the results of the comparisons between the coperformance
clustering produced by CODAP and two task groupings produced by separate groups of
experts. Both the Jaccard and the Fowlkes & Mallows statistics are reported. The
comparison between the two expert groupings in the 328X4 AFS produced the highest
degree of convergence, substantially higher than that found between the 811XX expert
groups. It should be noted, however, that the 328X4 groups consisted solely of tech-
nical trainers, while the 811XX groups contained both school and field personnel. The
similarity of the backgrounds of the 328X4 experts =y partially account for the
greater convergence of their results.

The task coperformance clustering in the 811XX AFS matched the expert groupings
as well as the experts' results matched each other. Additionally, the coperformance
clustering agreed more closely with the experts' classifications in this specialty
than in the 3?8X4 AFS. Again, this result may be dlie to the influence of the field
personnel, whose perspective presumably is more attuned with performance factors.

CONCLUSIONS

The evidence concerning task ccperformance clustering suggests that this pro-cedure is workable and produces task groupings Ahich are homogeneous with respect to

content. -Once computer software is developed, task coperformance clustering can be
accomplished at relatively little additional expense, using existing OS data and CODAP
clustering procedures. As this methodology develops, additional items may be added to
the OS and computer routines derived to aid in the identification and interpretation
of TTMS.

Table 2: Comparison of statistical and- expert groupings of tasks in the 328X4 and the
811XX AFSs. The Jaccard and the Fowlkes & Mallows statistics are reported.
Expert groupings I and II are results from independent efforts.

Expert Expert Ccperformance

328X4 AFS Groupings - I Groupings - II Clusters

Expert .271 .087
Groupings - I .476 .171

Expert ---- .121
Groupings - II .224

Coperformance
Clusters

Expert Expert Coperformance
811XX AFS Groupings - I Groupings - II Clusters
Expert ---- .171 .157
Groupings - I .293 .314

Expert .179
Groupings - II .350

Coperformance
Clusters
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The agreement between the statistical and expert groupings of the tasks, given
that it was roughly equivalent to that between independent clusterings by experts, is
encouraging. These results are even more promising considering that the task clusters
were based solely on a statistical criterion, the between groups similarity. We would
nct recommend that this technique be directly implemented. Rather, an experienced
analyst, working with one (or more) experts in the career field, should be used to
ide-tify end refine TTMs from a coperformance cluster diagram. This procedure would
dlmost undoubtedly p-oduce more homogeneous and useful TTs.

One final word of caution is required. The skill/knowledge homogeneity of the
task clusters produced by this methodology is still scmewhat suspect, as the overall
comparison statistics reported cannot specify the nature of the disagreement between
results. Presumably, the experts' groupings might differ only according to subtle
variaticns among tasks that are clustered by one group, but not the other. On the
other hand, coperformance clusters, while exhibiting the same absolute nunber of
differerces, might include strikingly different types of tasks that are, nonetheless,
coperfored. A more stringent validation effort is currently underway to assess this
possibility.
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EVALUATING TASK TRAINING MODULES:
SME CLUSTERING AND COMPARISONS

DRS. R. M. YADR:CK, D. S. VAUGHAN, B. H. PERRIN
& J, L. M:TCHELL

HMCDONNIELL DjUGLAS ASTRC'AUTICS COPAY
SA:NT LOUIS, MC. & SAN ANTOIN:C, TX.

INTRODUCTOn 

One of the most straightforward ways to categorize information is
simply to have people sort cards into piles. A single instance of the
categories to be formed is printed on each card, and the piles that
result constitute the categories. This procedure has a long history in
psychology for research in cognitive modeling, and seemed suitable for
use ir forming Task Training Modules (TTIs) in support of the Training
Decisions qystem (TDS) research (Garcia, 1985).

The approach was pilot tested at Scott AFB, with 811XX personnel
(law enforcement) job incumbents serving as subjects, or Subject Matter
Experts (SNEs). Cards were labeled with individual tasks from the most
recent Occupational Survey (OS) on the 811XX AFS. Cards were initially
grouped into "starter piles", in which all the tasks shared a common
Specialty Training Standard (STS) paragraph reference. Starter piles
provided SMEs with initial working units of manageable size, and also
with a reasonable conceptual base (the STS paragraphs) from which to
start.

SMEs were instructed to simply rearrange the starter piles to form
groups of tasks that "should be trained together". Piles could contain
many tasks, few tasks, or only a single task. Duplicate task cards
could be placed in different piles. These rather flexible instructions
and liberal sorting options were incroduced in order to allow maximum
expression of SME opinion and avoid forcing upon them any of our own
notions about how TTMs should be formed.

There were two "passes" for each within-job sort. That is, SMEs
initially rearranged the STS piles into their own piles. They then went
through their own piles to make any needed changes. They worked at
their own pace with no time constraints.

The results of this pilot test are reported elsewhere (Vaughan,
Yadrick, Dunteman, and Clark, 1984) and need not be examined here in
detail. Briefly, the resulting TTMs seemed like reasonable task
groupings, and the overall card-sorting approach was feasible and
deserved field testing. SMEs found it easy to work with the starter
piles, performed conscientiously, and were satisfied with their own
results.
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In the present effort, the card-sorting method was field tested for
£ AFSs. The objectives of this project were to develop an operational
syster for TTV constructic, ar to get task clusters that could be
compared to computer-generated clusters (Perrin, Vaughan, Yadrick, and
M'itchell, 1985).

METHOD AND PROCEDURE

The card sorting process was modified and expanded for field
testing purpcses. Some of the modifications reflected policy decisions
on our part (e.g., we _Aded not to have separate card sorts for each
job in each specialty, but rather to have whole-AFS sorts), but most
were minor changes designed to streamline the process.

The Security Police and Law Enforcement (811XX) card sorting was
conducted at Lackland AFB, Texas, in May, 1985. The fourteen SMEs
prese-t represented a relatively even mix of the three 811XX shredouts,
namely security police, law enforcement personnel, ard military working
dog UMWD) handlers. Technical trainers from ATC were represented in

fairly equal proportion with operational oersonnel.

The SMEs were divided into four separate groups. These groups
worked independently of the other groups, except during the final stage
of the process. This stage will be described later. Again the groups
were formed to provide the most even mix of SME backgrounds, shreds,
etc., as possible. SMEs then received instructions and began sorting.

Two groups received starter piles in which all tasks shared a
common STS reference, as in the pilot study. The other two groups
received starter piles composed of tasks which had clustered together in
the coperformance clustering process (Perrin, et al., 1985). The
resulting TTMs could then be compared and evaluated. In addition, this
would help mitigate any e~fect of starter pile content upon the final
TTMs.

SMEs made three passes, all at their own pace. On the first pass,
they oriented themselves to the exercise, examining piles for
homogeneity of coperformance, skills and knowledges, combining and
subdividing the piles as necessary. On the second pass, the newly
created piles were recombined to refine the coperformance, knowledge and

skill groupings. SMEs made further checks and refinements ("finetuning") on the final pass. The results (TTMs) of each pass were

recorded.

The four groups finished at very different times, as might have
been expected. Two groups finished about halfway through the second
day. Various groups dynamics were clearly observable, such as the
domination of one group and of the sorting results by a single forceful
member of the group.

Different groups worked as though they had quite different
interpretations of the instructions. For example, one group arranged
piles so as to train what they came to call a "super cop". They
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carefully arrangea sequences of TTMs so that, by receiving training on
each full TT1 ir their prescribed sequence, the result woula be an
airman who could perform literally all the tasks and jobs in all the
shreds of the specialty. Vcst groups, however, adopted very different
and mcre realistic strategies.

The final phase of the process was conducted to reconcile the
different sortings between groups. :n each reconciliation, groups which
had started with the same piles (e.g., the groups with STS starter
piles) were teamed together.

Both recorciliation groups were each to provide a single set of
"final" TTMs. Unfortunately, only one reconciliation group was actually
able to finish. The other reconciliation group, made up of the two
original groups which did not finish their own sortings in the first two
days, were forced to rush through the reconciliation step.

The same essential process was carried out at Keesler AFB, with
Avioric Inertial and Radar Navigation Systems (328X4) SMEs in August,
1985. There were, however, important (differences. All of the SMEs

availe were instructors at the technical training school,I"~~-r aaai schoo , "" r l . and no

operational people were present. Also, there were only enough SMEs to
form two groups instead of four. As a result, the desired replication
could not be done. Operational workers reviewed and refined the TTMs
obtained at Keesler, although these refinements have not yet been
examined in detail. The two 328X4 groups received essentially the same
instructions a had the 811XX groups, although we stressed somewhat more
the idea that TTMs should reflect common skills and knowledges required
to do particular jobs. This change was made mainly to avoid any
misinterpretation of instructions.

RESULTS

In the 811XX AFS, the reconciliation effort resulted in 69 TTMs
from the groups that had coperformance cluster starter piles. Of these,
only four TTMs contained a single task, and 52 contained five or more
tasks. The largest contained 42 tasks. These were sorted from 19
starter piles containing a total of 666 tasks.

The other reconciliation effort (groups with the STS starter piles)
resulted in 65 TTMs formed from 39 started piles. Only one contained a
single ta3k. The largest contained 31 tasks.

Although these results appear to be in reasonably good agreement.
the similarities are only superficial. As reported in another paper in
this session (Perrin, et al. 1985), both the Jaccard index (Downton &
Brennan, 1980) and that from Fowlkes and Mallows (1983) were relatively
low (0.171 and 0.293, respectively) showing relatively poor agreement
between the two groups in assigning tasks to TTMs. Indeed, both indices
were higher (0.179 and 0.350, respectively) and showed greater agreement
between the STS starter pile reconciliation and the pure coperformance
clustering than between t' two card sorting reconciliation groups.

A' 
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In the 328X4 AFS, the group which started with STS piles formed 140
TTMs from 31 original piles containing 778 tasks. For the most part,
these were small. Eighty-six contained fewer than 5 tasks, and many of
these contained only one task. However, two were especially large,
cortaining 78 and 48 tasks, respectively.

The group that started with coperformance piles formed 33 TTMs from
58 original piles. Eleven of these contained over thirty tasks, and two
ccntained over eighty tasks.

Although there appears to be considerable disagreement between the
groups, it is apparently superficial. Table 1 reports Jaccard and
Fowlkes-Mallows indices for several comparisons of these card sorts

Table 1: Corpariscn of SME card sorts and task coperformance statistical clustering
in the 328X4 AFS*

Card-Sort From Card-Sort From Task
Reconciliation Coperformance STS Coperformance
Card-Sort Starter Piles Starter Piles Clusters

Reconciliation ---- .326 .637 .127
Card-Sort .520 .787 .244

Card-Sort From ---- .271 .087
Coperformance Starter .476 .171
Piles

Card-Sort From STS ---- .121

Starter Piles .224

Task Coperfornance

Clusters

*For each table entry, the Jaccard statistic is on top, and the Fowlkes-
Mallows statistic is on the bottom.

with each other, with the later reconciliation sort done between the two
groups, and with coperformance clustering. In general, the two groups
actually agreed relatively well. The obvious conclusion is that the 140
TT.Is formed by the one group were generally subgroupings of the 33 TTIIs
formed by the other. Indeed, the reconciliation data indicate fairly
good agreement with both groups (see Table 1). Also, reconciliation
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resulted in 75 TTMs, roughly halfway between the numbers of TTMs pro-
duced by the groups separately. 't wculd seen that they found com-
premise easy to make. Their TTMs, however, do not agree very well with
the computer-generated coperformance task clusters. As Table 1 shows,
both the Jaccard and Fowlkes-Mallows statistics were less than .25 for
all such comparisons.

DISCUSSION

The results reported here are tentative. Final TTMs have not yet
been produced for either AFS studied. The 328X4 TTMs must be replicated
with add.cional field data. Nonetheless, even at this point it appears
that neither the clusters derived from task coperformance clustering nor
those constructed by a single group of SMEs would yield stable TTMs.
.nstea£, some combination of methods will be required that allows
tentative TTMs to be crossvalidated and refined by representative groups
of field experts. Once a method is developed that produces final,
stable TTfs for each specialty, these TTMs can be used as criteria
against which more economical clustering methods can be validated.
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.NONHIERARCHICAL CLUSTERINu OF AIR FORCE JOBS AND TASKS

% Jimmy L. Mitchell, PhD William J. Phalen

McDonnell Douglas Astronautics Co. Air Force Human Resources Laboratory

San Antonio, Texas Brooks Air Force Base, Texas

INTRODUCTION

One of the problems with the tvpical occupational analysis project is the

limitation of coverage of job groups in the normal Comprenensive Occupational Data

Analysis Programs (CODAP) hierarchical clustering solution. In an operational

study, the groups of minimally acceptable size existing at any stage of the

clustering, as reflected on the diagram of the occupation, will not include all

N the cases, except at a very low stage, where between-group overlap values are also

very low (see Figure 1). This is a function of both the degree of homogeneity of

jobs within the specialty and the order in which the cases enter the initial

groups. It is not unusual to have 5 to 20 percent of the cases in a study

excluded from the final job groups identified in an occupational survey report

(OSR).
While the dentification of the job groups in an occupation or Air Force

Specialty (AFS) has considerable utility in the personnel classification and

training system, the final job descriptions for such groups have some inherent

limitations (Carpenter, 1974; Pass & Robertson, 1978). The hierarchical

clustering procedure normally used is an iterative process whereby, once a case is

clustered in a group, it is no longer considered in terms of its similarity of

tasks periormed or relative time spent performing against later-formed groups.

Some researchers have proposed that uther clustetiag methodologies or other

% similarity measures be used (Pass, 1980). No one approach, however, has emerged

as an optimum clustering alternative.

In the present study, a nonhierarchical clustering methodology was used to

refine the job types identified in the normal CODAP process. The usual

hierarchical clustering procedure was used to identify the "seed" groups and an

iterative, nonhierarchical clustering method was added to refine these groups.

The expectation was that a combination of the two methods would provide superior

results in terms of group membership, percent of cases accounted for, and realism

of the resulting job descriptions.

METHODOLOGY

A runstream of existing CODAP programs has been put together to give the

CODAP system a nonhierarchical capability (Datko, 1985; Phalen, Weissmuller, &

Staley, 198 5). This new procedure was developed to facilitate analysis of various

types of otficer job rating scales (relative time spent versus part of the job,

complexity, etc.), and has already Droven very useful in that context.

If a set of CODAP-generated job descriptions is input to this nonhierarchical

clustering program as "seed" profiles, an unlimited number of cases, as

represented by their individual job descriptions, can be classified into

homogeneous groups, according to which one of the "seed" profiles each case

resemb]PE most closely. Multiple iterations can be run to ensure that each case

has the opportunity to switch to a more compatible group, or to switch to a group

whose homogeneity is increased the most by classifying the case in it, until the

number of reclassifications nas reached a minimum. The reclassification of cases,

previously grouped by a hierarchical clustering, is a way to improve within-group

homogeneity and between-group dif-'rences (Phalen et al., 1985). Also possible in

the system is multiple group memoership bv q ",se or group ot cases.
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Wh ile the membership of the nonnierarchicallv clustered job types w111

overlap to a very substantial Jegr e wititn those produced by the normal CODAP

clustering, this new procedure permits the "isolates" or unclustered cases to be
i ncluded in the covered sample. In aadiiton, the resulting job descriptions

should be considerably more homogeneous in terms ot both the "core" tasks of the

group and the relative time spent on those tasks. Thus, the relative worth of the

new procedure could be assessed by examining tne increase in the homogeneity of

the groups. Such a procedure, then, should result in a clearer definition of the

variety of jobs wirhin a specialty, and a more realistic determination of the
training requirements for each such iob.

SAMPLE

CODAP case data were readily available for a sample of first-enlistment

Security Policemen (AFSC 811X0) who were being studied in another line of research

(Perrin, Vaughan, Yadr.ck, & Mitchell, 1985). The sample included 3,302

f irst-enlIstment ind ividuals from the most recent Security Police occupational

analysis study (Alton, 1984). A separate first-enlistment diagram was analyzed

and 82 811XX first-term seed job groups were identified which had reasonable

internal homogeneity (overlap between combining groups 7 35 and overlap within

combined groups z 50). Group size ranged from 3 to 210; the average group size

* was 27. Some very small groups were included which were less than the starter

group size of 10; these smaller groups were identified by closely examining

several small, undefined heterogeneous groups with mixed Job titles and low

within-group overlap values (such as Customs or Kennel Support). The reason for

including these very small groups was to see if they would gain sufficient

additional members in the nonhierarctical process to become legitimate job groups.

he 82 groups accounted for only 67 percent of the cases in the sample, which

illustrates the coverage propiem aiscussed earlier. Each group was named and
related groups were given overlapping component names to facilitate analysis of

their relationships.

RESULTS

The initial nonhierarchical grouping yielded a marked reduction in the number

of cases not classified into the 82 seed job types. Only five cases remained

unclassified for a 99.8 percent coverage (see Figure 2). In succeeding

iterations, the number of unclassified cases increased slightly, but even at the

sixth iteration, the proportion of cases covered was greater than 99 percent.

Thus, it would appear that almost all of the inaccounted-for cases in the original

. clustering were reasonably similar to the major job types identified in the

initial analysis. The question now oecame one of assessing the impact of adding

these previously unaccounted-for cases to the groups.
Ine way to address this issue was to examine the within-group overlap values,

averaged across all 82 groups. For the initial iteration of the nonhierarchical

clustering process, the average within-group overlap was 48.23. The within-group

standard deviation averaged across all groups was 10.68. For the second run, the

mean within-group overlap value was 48.65 (vice 48.23) with an average S.D. of

8.81 (vice i0.A8). Thus, this second iteration hao little if any impact on the

average within-group overlap but resulted in a substantial decrease of the

within-group variance. This change in values indicated that the new job group

descriptions were considerably more homogeneous. This is, however, a summary

- statistic and, in order to demonstrate a meaningful impact on the job-typing

process, we must examine how the addition of the unclassified cases changed
individuai job groups. Some representative results were selected to illustrate

several observed trends.
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Three related Law Enforcement (LE) jobs identited in the original hier-

archi al :Iuster ,ng study included: LE Desk Sergeants (Crp 594), LE Patrolmen
(Grp 785), and a group which performs both as Desk Sergeants and Patrolmen (Grp
921). In the original study, group size or these groups was 15, 12, ard 90,

respectively see Figure 3). In the initial iteration of the nonhierarchical
clustering process, both the Desk Sergeant and Patrolmen groups more than doubled
in size, wherels the mixed group dropped in membership. it is reasonable to

assume that the 22 members lost from the combined LE Desk Sgt/Patrol group were
those performing more Desk Sergeant functions, since 22 new members appeared in

the Desk Sergeant group (Grp 594). Note that once these z2 new cases were added,
the DesK Sergeant group membership essentially stabilized--the number of cases,

the mean within-group overlap, 3nd the standard deviation remained about the same
for iterations I through 6. Note also that the standard deviation for this larger

group (N = 37) dropped considerably (from 9.2 to 7.3), which demonstrates the
development of a more homogeneous group.

The composite LE Desk Sgt.'Patrolmen group (Grp 921) attritted more of its
membership with each iteration of the process. Its mean within-group overlap

dropped slightly at each stage and its SD increased, indicating that the remaining
cases were more heterogeneous tnan in the original seed group. Presumably, if
additional iterations had been run, this group would essentially disappear.

The LE Patrolmen (Grp 785), on the other hand, first grew in membership and

then shrank, while its mean within-group overlap steadily increased and its SD

dropped. [he group gained in membership from other groups not included in this
comparison (there is a composite LE Patrolmen/Entry Controller group, and other

possible contributors). The point is that even at the sixth iteration, this group
had not completely stabilized, and additional runs might be needed to maximize the
within- group overlap and minimize the within-group variance.

A set of three related Alert Area Security groups illustrates some additional
trends ksee Figure 4). All three groups involve tasks heing performed by Security
Policemen in controlling access to and guarding alert aircraft. Grp 283 appears
to be the most meaningful of the three groups, in that its membership continued to

expand through all six iterations, whereas the other two groups fluctuated. We
might need to run additional iterations to see how large this group would become
before the mean overlap is maximized and the S.D. is minimized. For the other two

groups, we need to examine their job descriptions to determine how they differ
from Grp 283 (that is, what makes them distinct groups). Only then can a judgment
be made whether these two small, low-overlap ,roups should be retained.

DISCUS ION

Prelim-inar,. results strongly , uzgst that the n nnierarch1cal cl" - .ng
process has considerable potential in rerining tne txisting occupational analysis

process. Ine drastic drop in the number )f unclustred or unaccounted-for cases
represents the greatest benetit, sine the group job iescriptions resulting from
increased sample ;ie ,hould be muh more stable. ',e need, however, to extend our
analysis to inc l le tidv t such variables is the core tasks for each group and
the amount of core job time icc-unted for bv scn kore tasks. ivith lower

within-roup variancOe and somewhat increased within-group overlap, the set ot core
tasks should account for a signiticanti, greater -roportion of total work time.
Such a tinding wuld have important implications f or the ident fication of

training requirements w th in a qpec ialt'., both for res ident programs and

on-the-job training programs. In adi i-n, th, nore d1scretelv detined iob groups
resulting trom this type ot analvsis h,)uld have onisideraDlv more construct and
content validity in tne ,esos of ,,th- r occupational analvs is users, such as
tunct 1nal anag,'rs in th., manps-r in I p r ,o :n,. Imu it ,,.
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Clearly, further work needs to be Jone to define the proper techniques for

using this type of system. Data disp!ays snould be developed which will permit an

analyst to track what is happening to each group across iterations. Also needed

is a method of setting aside stabile groups at the end of eacn iteration and then

continuing to run the program on the remaining groups. The analysis process will

have to be ufficiently flexible to permit multiple runs of the later iterations

in order to optiLrize both the mean grou. overlap and standard deviation values.

Such developments are planned over the n×xt few months.

The system could also be used to cluster a transposed task-by-person matrix

(Perrin et al., op cit) to refine Task Training Modules (TTMs) from coperformance

data. Such an application would have considerable advantages in terms of reduced

cost and multiple TTM membersnip for technical tasks that apply to more than one

module.

ACKNOV-LEDGEMENTS

Mr William J. Phalen, AFHRL/MO1M, developed the concept and wrote the specifica-

tions for the nonhierarchcal clustering algorithm used in this research. Sgt

Kevin Kumba, AFHRL Technical Services Division, wrote the computer programs

involved, and Mr Lou Datko, AFHRL MODJ (now of the USAF Manpower and Personnel

Center, Randolph AFB, TX), contributed substantially to their refinement duri:ag

initial testing.

REFERENCES

Alton, R.L. (1984, November). Occupational survey report, security police

career Widers (AFSC R'IXO, 811X2, and 811XA). Randolph Air Force Base,

TX: USAF Occuational Measurement Center, Occupational Analysis Program.

Carpenter, J.B. (1974, March). Sensitivity of group -job descriptions to

possible Lnaccuracies in -dividual job descriptions (AFHRL-TR-74-6, AD-778

839). Lackland AFB, TX: Occupational Research Diision, Air Force Human

Resources Laboratory.

Datko, L.M. (in preparation). Rating scales for officer occupational analysis.

Brooks AFB, TX: Air Force Human Resources Laboratory. Draft Technical Report.

Pass, 2. (1980, May). An empirical comparison of proximity measures for CODAP

cluster analysis. Proceedings c f the Third International Occupational

Analyst3 ;orkshop. RandolDi AFB, TX. uSAF Occupational Measurement Center.

Pass, J.J., & Robertson, D.W. (1978). Sample size and stabilty of task analysis

inventory response scales. Proceedings of the 20th Annual Conference of the

Military Testing Association. Oklahoma City. U.S. Coast Cuard Institute.

Perrin, B.M. , Vau han, .S., Yadr-ck, R.M., & Mitchell, J.L. (1985, October).

Defining task training modules: Ccperformance clustering. Proceedings of the

2Tth Annual Conterene of the Military Testing Association. San Diego, CA:

Naval Personnel Research & Development Center.

Phalen, W.J., Weissmull'. 3.2., & Stalev, M. R. (1985, ,-v). Advanced CODA?: New

analysis capabilities. Proceodings it t te Fifth li.ternational Occupational

Analysts Workshop. Randolph AFB, TX. ISAF Occupational easir-monlnt Center.

279 "



1213 0055 2241 0085 * * 1726 0082
0001-0055 *0255-0339 * * 0465-0546
39.1 52.2 *46.3 51.4 4 3.1 48.7

1191 0058 2167 0268 ** * 1679 0089
0001-0058 0072-0339 ******* * 0465-0553
39.0 42.7 45.8 49.2 *42.8 47.9

N.1050 0060 1997 0310 * * 1510 0097
0001-0060 0072-0381 ********w*** * 0460-0556
37.7 46.6 44.8 48.2 * 41.5 47.0

0796 0071 1758 0318 * 1294 0109

0001-0011 0072-0389 * 0460-0560
34.7 44.0 43.3 48.0 * 39.8 45.6

*1137 0388 * 1146 0124
* 0072-0583 ************* * 0460-0583

%; 38.4 45.3 38.5 44.2

1023 0512

*0072-0583 ***********-

t * 35.6 42.3

0079 0583*
0001-0583*****
34.5 40.6

Figure 1. Clustering of Security Police Time-Spent Ratings -811XX

PNo. of Cases Number Percent of
P, .0Iteration Classified Unclassified Coverage

%0 (input) 2238 1065 67. 7%
3298 5 99.8%

3292 11 99.6%
3 3285 18 99.4%

t,4 3281 22 99.3%
5 3279 24 99.3%

6 32178 25 99.2%

Figure 2. Changes in the Number of Cases Classified
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Iteration

Group Variable Seed 2 3 4 5 b

Grp 594 LE Desk Sergeant
Group Siz- 15 37 34 33 32 32 33
No. Lost - - 3 2 1 0 0

No. Gained - 22 0 1 0 0 1
Mean - 44.6 42.5 42.7 42.4 42.5 42.6
S.D. - 9.2 7.4 7.6 7.4 7.3 7.3

Grp 921 LE Dsk Sgt/Patrol
Group Size 90 68 38 20 14 10 5
No. Lost - 22 30 18 7 4 5
No. Gained - 0 0 0 1 0 0
Mean - 57.4 56.2 56.9 55.3 51,.4 49.2
S.D. - 7.2 7.4 8.2 9.9 10.5 10.9

Grp 785 LE Patrolmen
Group Size 12 38 55 90 84 67 51
No. Lost - - 6 12 29 25 20

No. Gained - 26 23 47 23 8 4
Mean - 51.0 52.1 55.5 57.2 57.6 57.9
S.D. - 10.9 7.8 7.4 7.2 6.9 5.9

Figure 3. Changes in Several Law Enforcement Groups

iteration

Group Variable Seed 1 2 3 4 5 6

Grp 283 Alert Area Sentry/Entry Controll r
Group Size 54 73 113 170 231 277 279
No. Lost - - 4 5 10 17 34

No. Gained - 19 44 62 71 63 36
Mean 44.2 46.2 47.9 48.3 49.1 49.8
S.D. - 10.7 9.9 9.7 9.5 9.6 9.4

Grp 361 (Same Title)
Group Size 14 45 46 34 33 31 30
No. Lost - - 9 14 4 3 1
No. Gained - 31 10 2 3 1 0
Mean - 36.4 33.7 31.0 32.4 32.1 32.1
S.D. - 14.9 11.6 10.4 8.9 8.4 8.1

Grp 470 (Same TLtle)
Group Size 11 18 14 14 14 13 11
No. Lost - - 4 0 0 1 2

No. Gained - 7 0 0 0 0
Mean - 41.4 39.3 40.7 40.7 40.1 38.6
S.D. - 17.7 11.7 10.3 10.3 10.5 10.3

Figure 4. Changes in Related Alert Area Security Jobs
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On the Study of Differential Item Performance without IRT

Paul W. Holland
Educational Testing Service
Princeton, New Jersey 08541

1. INTRODUCTION

The problem of identifying items for which the performance of certain sub-
populations -- often women and minorities -- is unusual and out of line with

their performance on other items or test results has a substantial history. The
book by Berk (1982) summarizes the state of the art as of 1980 and the work of
Lord (1980), Scheuneman (1979), Shepard, et.al. (1981), among others are
relevant. From a statistical point of view, modern methods for the analysis of
multi-way contingency tables seem particularly appropriate to this problem and
some suggestions for their use have been made, (Marascuillo and Slaughter,
1981). In this spirit, the present paper proposes the well-known method of
Mantel and Haenszel (1959) for the analysis of 2x2xK contingency tables as an
easily implemented, powerful technique for the measurement of the degree to
which two subpopulations of examinees perform differently on a given test item.
Modern references to the Mantel-Haenszel procedure include Breslow (1981), Hauck
(1979), and Breslow and Liang (1982). The basis for the use of the Mantel-
Haenszel (herein MH) procedure in the study of differential item performance is
the fundamental notion of the need to compare comparable people when examining
the relative performance of two groups of examinees on an item. This i- the
problem of matching and is discussed in section 2. Section 3 givcs the relevant
facts about the MH procedure while section 4 discusses various aspects of the MH
procedure and related methods in the context of measuring differential item per-
formance.

2. MATCHING VERSUS CONTROLLING FOR ABILITY

The need to "control for ability" is well established in the differential
item performance literature. It is the fundamental basis for the proposed use
of item response theory methods to study "item bias." Other methods, such as
those of Scheuneman (1979), use test performance as a proxy for ability. The
"delta-plot method," Angoff (1982), controls for ability indirectly by con-
centrating attention on the covariance between the item difficulty indices for
the two groups rather than on their respective mean values.

In my opinion, the "need to control for ability" is an inadequate way to
express a more fundamental idea. When we compare two subpopulations on any
criterion, it is always important to be sure that only comparable members of the
two groups are being compared. What constitutes comparability will depend on
the problem at hand. In the study of differential item performance we are
interested in learning something about a test item and how members of one
subgroup (the "focal group") might react differently to it than do the members
of another subgroup (the "reference group"). If our criterion is performance
(i.e., right or wrong on the test item) then it is improper to compare the per-
formance of reference and focal group members who differ in significant and
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measurable ways that are related to their performance on the item. Differential
item performance means differences in performance on an item between focal and
reference group members that is attributable to characteristics of the item and
not to differences in characteristics of the groups of examinees.

When we confound both examinee characteristics and item characteristics and
simply look at differences in the performance on an item of reference and focal
group members we are measuring what is called impact rather than differential
item performance. For example, comparing the proportion of reference and focal
group members who give correct answers to a given item is a measure of the
item s impact on the focal group relative to the reference group in measuring
differential item performance members of the reference and focal groups are
first divided into -ets of examinees who are matched on relevant criteria before
their performance on the item is compared. Examples of relevant matching
cri-eria are, scores on related tests, schooling measures, and other group mem-
bership. In many practical settings, matching will be done on related test
scores since these are both available and accurately measured.

The 2x2xK Table- For a given item, say item j, the data from the ith matched
group of reference and focal group members can be arranged as a 2x2 table:

Right on Wrong on
item item

Reference Ai  B i  p

Focal Ci  Di  nFi (1)

Total P i  Wi n+i

For 1=1...,.K number of matched groups. In (1) Ai denotes the number of
reference group members in the ith matched group who answered item j correctly.
Bi, Ci and Di have :orresponding interpretations. nRi and nFi denote the
number of reference and focal group members, respectively, in the ith matched
group, while n+i denotes the total number in the ith matched group of examinees.
R and Wi denote the number in the ith matched group who get the item right and
wrong, respectively. Considered together these K 2x2 tables form one big 2x2xK
table. There is one such 2x2xK table for each item being considered. It is
.orth emohasizing that once the criteria for matching have been selected, the
2x2xK table of data can be formed from samples of data from the reference and
focal group members. It should also be emphasized that the choice of matching
variables is important and will depend on the availablity, amount, and accuracy
of data as well as on its relevance to item performance.
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3. THE MANTEL-HAENSZEL PROCEDURE

In the ith matched group, the odds that a reference group member gets item
j correct is A,/Bl, while the corresponding odds for a focal group member is

Ci/Di. The MH procedure measures the advantage (or disadvantage) on item j that
reference group members have relative to their matched focal group colleagues by

, *~the ratio of these two odds. This gives us the odds-ratio estimate

Ai Ci Ai Di

The ai estimate a population cross-product-(or odds-) ratio, ai, for the it h

mitched group.

The Mantel-Haenszel common-odds-ratio estimate is a weighted averdge of the

aC that uses the following weighted formula:

- H wi  
(3)

where

i =Bi Cin+i (4)

Substituting (4) into (3) yields the usual formula for aMH:

I Ai Di/n+iMH = (5)
X Bi Ci/n+i

The Mantel-Haenszel estimate, TH , is the a'erage factor by which the likelihood

that a reference group member gets item j correct exceeds the corresponding
likelihood for comparable focal group members. (Likelihood is measured by the

odds of getting item j correct). For example, if aMH = 1 then reference and
focal group members are, averaging across al! the matched groups, equally likely

to be correct on the item. When hMH > I then the reference group has the advan-

tage whereas when aMH < 1 the focal group has the advantage.

Associated with the estimate aMH is a one-degree-of-freedom chi-square test

of the hypothesis that all of the population cross-product ratios in all of the
2x2 layers of the 2x2xK table are unity (i.e., ai = 1 all i). This test is
given by Lhe formula:

(I. Ai - 2 - j
2

1 1

X2 (6)

m~i,
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where

Ii E(Aijai=l) n R i R i (7)

and

'= Var(AiIci=l) = nRi nFi Ri Wi (8)
(n+i)2(n+i_!)

2
The xHH from (6) will be large if aMH differs from 1.0 significantly in either

direction. Thus, this test will detect differential item performance that
favors either the reference or the focal group.

4. DISCUSSION

The NH procedure is closely related to log-linear model procedures for
estimating a constant two-way interaction across a series of 2x2 tables (see

Bishop, Fienberg, and Holland, 1975). In practical terms, aMH is usually nearly
identical to estimates of the common-odds-ratio that involve complicated itera-

tive procedures. While the formula fol aMH is a simple weighted average of the

sample odds-ratio oi it has been shown (Breblow, 198 ) that, over the range of

values relevant to this application of the Ml procedure, OhH is nearly optimal
as an estimator. In other words, no other estimate of the common-odds-ratio can
have a substantially smaller variance. The chi-square test based on X 2 is of

NH

high power because it is concentrated into a single degree of freedom rather
than dissipated across several degrees of freedom.

* If there is more than one pair of groups that could serve as the reference
2

and focal group in an analysis then values for aMH and X H can be computed for

all such pairings.

The parameter A = -2.35 ln(a) is (approximately) in the scale of differen-
ces in delta-units of difficulty where delta-units are those used by ETS in
their normal item analysis procedures. This transformation can be used to put

aNH values into units which are familiar to those who use the delta-scale in
test construction and analysis:

AM11 = -2.35 ln(c(MH). (9)

Thus, AMH -1.0 means that the focal group found the item one delta-unit harderI :
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than did comparable members of the reference group. The parameter AMH is simi-
lar to an average shift to the right of -AMH in the ICC of the focal group rela-
tive to the ICC of the reference group in .n IRT model (as estimated by
LOGIST).

The MU procedure can easily be expanded to include an analysis of distrac-
tor choice for multiple choice tests. For five-choice responses the 2x2 table
in (1) is replaced by the followin 2x6 table

Response on item j

A B C D E Omit Total

'eference - nRi

Focal nri

Total 
n+i

C is correct answer, for example. Then the MH procedure is applied to the five
22 tables formed by juxtaposing the column for the correct answer with a

column for one of the five ways of producing incorrect answers. E.g.,

C A C B C Omit

Reference 7
Focal

This y~vlds five MH cross-product estimates and five chi-square tests for each

item. In some cases these may be used to see if a significant value of OLMH is
due to a single type of incorrect anster.

There are a number of important research issues that need to be addressed
Vn the use of the MH procedure in the study of differential item performance.

What aspects of the cxiteria for matching examinees seriously affects aMH in
practical settings -- the reliability of the criteria, the fineness of the
matching, the usp of other examinee attributes, etc.? How stable are the values

of aMH across different examinee populations? What are the relationships bet-

ween the values of an and other statistical indices used to construct tests --

i.e., difficulty and discrimination? How should values of atH for several pairs
of reference and focal groups be combined for the same test item?
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The MH procedure promised to be a relatively inexpensive and yet statisti-
cally pouerful technique for identifying test questions that are potentially
"biased" or unfair in some way to identified groups of examinees. ETS is
currently embarked on a variety of research projects to see how to best use this
tool for such purposes.
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REVIEWING AN ITEM FOOL FOR ITS SENSITIVITY TO THE CONCERNS

OF WOMEN AND MINORITIES: PROCESS AND OUTCOMES

Susan Wi 1 son Lershaw
Howard Wainer

Educational Testing Service
Princeton, New Jersey

W hy a Sensitivity evaiew

Hn item pool for a computerized adaptive version of the ASVAB

has been developed and must be subjected to numerous editing and

review processes before being made operational. Among these

processes is a sensitivity review of the entire item pool for

material that may be potentially offensive to minority groups

and/or women. During a sensitivity review, all test items are

screened by trained sensitivity reviewers to ensure that the test

is as free as possible from perceived bias and offensiveness. In

order for each e-aminee to perform at his or her optimum level of

ability, it is necessary to eliminate any material that may

convey negative or distracting messages to a particular subgroup

o+ the test-taling population. This type of review is

particularly important in the development of the CAT-ASVAB since

the test-taling population will be drawn broadly from many

cultural and socio-economic bacdgrounds and because it is

difficult to forsee what particular combination of items will be

presented to a given examinee.

The Sensitivity Review Process

ETS Objectives

The overall objective of the sensitivity review process at

ETS is to eliminate any material from tests that may be

potentially offensive or inappropriate for identifiable subgroups

of the test-taiing population, or that reinforces negative

attitudes toward these subgroups. The ETS test e'aluation
criteria consist of a general set of criteria that can be applied

to all people. and specific criteria that are particularly

relevant for fi'e subgroups--Asian Americans, Black Americans.
His:panic Americans. Native Amerircans, and women.

1-est Ey:it iti on Critieria

The tollowing test evaluation criteria have been excerpted
from ETS rest Sensitivity Revjew Process (Hunter & Slaughter.
lI8 . For a more detailed description of the sensitivity review

process. reter to their document.

A. Def. ntions

GruUp relerenc:e items, ret1ect the muLlTicultLral nature o our
soc 1ie t . There are two basic cla ,zes o+ subgroup reference
items: representational items and substantive items.
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1. hepresentational items are those in which references are

made to minorities and women, but where the subject

matter content of the test is intended to measure factors
unrelated to such groups. Reading passages, charts and graphs,
pictures, cartoons, and writing ability times are most easily
adapted to this purpose.

Z. Substantive items are those designed to directly measure

inowledoe about a population group. Such items might
asi about the role of the Black church in Blact life, the

migration patterns o Chicanos in North America. or the tactors

that have led to the increasing numbers of women

enrolling in graduate-level programs.

B. Ey-valUation Reguirements
Hil test items will be reviewed and identifiable group reerence
items will be evaluated from the following perspectives:

1. CoqnitjygLiffective
These two dimensions should be considered when reviewing all

group reference items. The cognitive dimension deals with the

frtual basis of item content and the atfective dimension

reflects the positive or negative feelings the item may evoke

on the part of group members.

2. Controversial Material
Highly controversial issues, such as legalized abortion or
hypotheses abo t genetic inferiority, must not be included in

an - test item unless they are both relevant and essential

to etfective measurement.

3. E.aminee Ferspective
All group reference items should be reviewed from the

perspective of test takers who do not have access to an answer

cPy. When an ex:aminee must [now the correct Jey to prevent an

item from reinforcing negative attitudes, the item should be
rejected. This situation most often arises when an item

writer attempts to mislead test talers who hold stereotypical

ieliefs by using one or more distractors that are obvious

stereotypes (obvious to the writer). In these cases,
e':aminees who select a sterotvpe as the correct response are
not rout nely informed that their response was incorrect.
Sutml pr actHce may reintorce their belief in the legitimacy o-
the .tereuLtype. This is particularly lilely ior e-,aminees
whO sLUbseLWtent lv receive a high bcore.

4. SLerEotvpf ng
HI I ETS tesnts wi 1] be reviewed to ensur e that they do not
contain lawguage or symbols th,.t reinforce sterotypes judged
to be generally oitensive. While it is clear that no ETS test

intentionally contains blatant r eference s to such otfensive
st etreotypes, the potential eitsfor inclulding material ina

test that could be perceived zs mini-estations of such
sterotype by qroup mu~itber s who ta e the Lest. Offensive
slereotypes qenerally imply an inferiority or deficiency
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ot one of more grouips in physical characteristics (for
ex ample, height, weight, attractiveness, strength) and
psychological characteristics ktor e.,ampe, itelligence,
ethics, emotions, behavioral patterns) generally regarded
as desirable by the majority Culture.

5Caution Words and Phrases
Through- e_,peri ence. those Currentl y revi ewing tests for
sensitivity have learned that certain key words and phrases
are more Iiiely to accompany sensitive material. While for
the most part use of these words and phrases in tests are
proper and legitimate. they will receive e;:tra attention by
sensitivity reviewers when any two or- more wor-ds ar'e -found in
an item because they indicate an increased potential for

* 'lclUding ofiensive material. E;:amples of such words are
lower-ci ss di scr imi nat ion, r!Res- and housewife.

a. pecal eview Criteria for Womien's Concerns
During the past decade, a great deal 0+ progress has been made
in identifying n~tmerous manifestations of sexism in our

% society. This progress has included several efforts to
identify and eliminate se,,:ism in written language. Two
notable efftorts in this direction were the ETS iULidelines for MA

S&;, Fairness in Tests and Testing Fr grasms and the McGraw-Hill
Guidelines for Egueal 1ireatment of the Se-es. Much of the
matIeria contined in these doc 1lc anUments has been recast to serve
as evaluation criteria. Sensitivity reviewers will ensure

* that all ETS tests are in compliance with these criteria.

7. Underl ying ODssurnPtiL:)s
An Un-derlying assumption is a subtle secondary premise in test
material that reflects an individual's ethnocentric beliefs.

B. Conte;t Considerations
Reviews for sensitive material frequently require judgments
relative to the conte;,t in which it is presented. In some
cases, it may be necces-sary to mieRsure ulie's Inowledge of a
domain by using mnateri al that some groups May feel is
spnai t Ive. There arE four areas in which this Occurs with

ome freuecy: historical domain, literary domain, legal
domain. and psychological domain.

or itia it rtictur c tnid PrC(CLdUrES

ihe trnltest siensitivity review I-, condcucted by trained
~ri iv t rev wer c w-5r f e ebr of the rest Devel opment

stat+* at ETS. The review procedure i nvulA es an eval uat ion o-t the test
b,, the sc-nsl t ivi ty rev rower in accor dance with the standard test
e. .?Iu,-t ion (_riateri a. ~i F ,--cniriments and recomimeidations by the
aenbitivity ruvi-wer are docukmented on the Test Sensitivity Review
Fur in itnd rLtUr ned to the test assembl er. The test asembl er discus~ses
PC CArM)U[-ded c liar:)oz wi th the sensitivity reviewer. 1If agreeme-nt is

rewiched cfuncer ni nQ Lhanqes, both si qn anid date the review form. If
Agr.emient -annot be re,-Athed. the matter i-, reterred to the area Test
eVPel upfmen1t Dir ectur and, If nWEcessary, to an arbitration committee

+or re slutlonl.
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' The sensitivity review ot the CAT-ASVAB item pool followed the
standard ETS procedures except for the final steps in which actual

modifications are made to unacceptable test items. Rather,
A recommendations for changes by a minority panel were submitted for

Government review in a Confidential Appendix to the ETS report. The
Sensitivity Review of the CAT-ASVAB Item Bant (Wilson & Wainer, 1985.)

The CAT-ASVAB Sensitivity Review Board
The Sensitivity Review board for this project was composed of

twelve nationally renowned educators and test developers representing
minority group concern. Asian American. Blac American. Hispanic

R Americans, and both gender groups were represented on the panel.

The following ETS criteria were considered in selecting
sensitivity reviewers:

A. Ability to perceive ot-fensive material

B. Ability to review tests from multiple perspectives, not
simply trom the viewpoint of one group, or social/political
perspective.

C. Coverage amonq the reviewers of ley subject areas such as
humanities and social sciences.

The Meeting
The CAT-ASVAB Sensitivity Review was conducted over a two-day

period. The meeting began with a brief orientation session to
- amiliarize panel members with the purpose, plan, and procedures for
the sensitivity review. Each panel member had also received a boo let
containing copies of relevant sections from LTS Test Sensitivity
Review Frocess (Hunter & Slaughter, 198o) to review prior to the
meeting. The ETS test evaluation criteria. guidelirnes for recognition
of unacceptable sterotypes. caution words and phrases, and special
review criteria for women's concerns were detailed in this booklet and
were to be referred to by panel members as guidelines for item review
and reporti nq of results.

Following the tasl orientation session, panel members were
assicined to review CAI sLkbtests in review teams. Each review team
consisted o- one male and one temale oi different ethnic affiliations,
to ensure that the sensitivity review process was balanced across sex
and ethnicity as much as possible. The CAT-ASVAB item bank consists
of 211b8 test items, representinq nine different content areas:

. Electronics Iniormation. Mechanical Lomprehension, Shop Information,
V Aiutomotive Intormation. Mathematics Fnowledge, Arithmetic Reasoning,

Paragraph Compr ehension, Word I nowledge, ano General Science. The
2118 timus were divided up approximately equally among the reviewers,
with erach panel member reviaewLng between -. '4-_6_: items. Panel members
were ssign~d to subtests in pairs so that each item would be reviewed
by two people.
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Description of Sensitivity Review Outcome

The tollowing table was Used to summarilze the reviewers'conclusions-.

ACCEPTABLE UNACCEPTABLE

With Potentially !2tem
Subtest As Is Revision OJ+ensive Construction

Flaw

Automotive
initormation

Mathematics
inowledQe

Shop

Information

Mechanical

Comprehension

Electronics

Intormat ion

A-ri thmet i c
I% Reason ing

General
Science

Word

F nowledQe

FaraQraph

* Comprehensive

Totals

HmonQ the "acceptable" items some were judged to be acceptable

only Ifter modification. "Unacceptable" items were fouknd to be so
1(or two quite different reasons. Sometimes this was because of
their potentia] offensiveness to some sub--groups of examinees. A

se(cond r ea'3, on for finding an item LUnacceptabl e was because o-+ a
formal flaw in the item construction, This usually yielded the

situation in which the number of correct responses to an item was
unqalt oe t-lthuh-oe fte screened i tems had such +l1awsuniie qual to one. Although some of thesree tmshdsc lw

we lent their description to another account; that aspect of the

item pool is outside of the purview of this proiect. Therefore,

"un.icACeptable" itens in the CAT-ASVAB item barO, refer to items
which were found to be unacceptable trom a sensitivity review
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perspective.

Due to the confidential nature ot this project. the results of
the sensitivity review as reported by panel members must be treated
in a secure manner. Therefore, specific details on the test items
and the sensitivity reviewers' comments and recommendations cannot
be presented in this paper, but can be found in the Contidential
Appendi:: to the Wilson & Wai ?r (1985) report.

However, the panel members did made some general comments and
suggestions concerning the further improvement of the sensitivity
review process itself.

In line with these and other sugQestions we recommend in
subsequent reviews the following additions/changes:

1) e:tend the review process sufficiently to allow a more
extensive training period. This is important initially tc
Aully inform the panel about the special aspects of CATs.

2) a slight modification of the review f3-m to :,.re closely
correspond with the summary shown in the Table above.

- have available to the review panel an information sheet on
each item that contains:

a) the item key,
b) the content specifications that each item fulfills,
ci the statistical results of the item's pretesting,
d) comments of previous reviews (if any).

Tne availability of item history in a form as described in 3 above

is pro forma in traditional test development. Al though our
recommendations deal with improving the ease and quality of the item
review process. it has been the eiperience o4 test developers that
such a procedure is quite useful throughout the item development
process.
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MEASUREMENT PRECISION AND "RELIABILITY":
SOME CONSIDERATIONS OF METRIC5 AND STOPPING RULES IN CAT

David Thissen
Universitv of Kansas

Reliaoility has Dean defined as "the degree to which a

test is free from error." While that definition is certainly
attractive, it is not particularly mathematically tractable.
In a more practical vein, classical test theory defined

reliability as

rho 2yT = rhoxx, "True score variance" Ul)
"Observed score variance"

Since the eior of measurement in classical theory is

independent of crue scor-, and has a constant variance, the
forin in equation (1) provides a standardized description of

the relativq size of the (lack of) error of the test score.
It is also the "percentage of vs-rance" in the observed
scores which is due to true-score variation, and a oredicted
value of the correlation between observed scores on parallel
forms. Here we will consider the extension of that concept
to an IRT-scored Computerized Adaptive Test (CAT). This is

not as hopeless as it may appear; CAT is sufficiently
flexible that it can be made to produce results which meet
the assumptions of classical test theory (which is something
classical test scores never do).

The crucially wrong assumption of classical test
theory, with respect to test scores, is that the errcr
variance of all test scores is the same. The restriction of

range of raw test scores alone makes that impossible, except
in deqenerato cases. However, in a CAT system, it is
p-ssible that all of the "test scores" could have the same

error variance. Here we use the notation eAt(9) as a generic
term for an estimate of 9: est(G) is some estimate of the

location (like a mode or mean) of the likelihood over 6 for
it response vector, in which the likelihood is computed as

the product of the trace lines for the responses. We use the

notation se 2 for the variance of that likelihood.

Equal se2 CAT

It would be difficult to construct a test giving

kconstant se 2 s: the item pool would have to be so large and
V.1-1. "broad" that, reqardless of the ability of the examinee, the

system could continue to administer increasingly easy or

difficult items until the person cave sufficient numbers of
both correct and incorrect responses to have a likelihood
over G with a constant variance. The CAT "stopping rule"
would be a fixed value for the error variance for 9;
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calibration of an item pool with the necessary properties is

possible, out beyono the scope of this paper.
Under such a CAT system, strong parallels exist between

the classical theory and the IRT CAT system, as summarized
in Table 1.

TABLE I

Classical Test Theory IRT CAT (fixed se 2 stopping)

"True score"=T; var(T) 0: var(9)=l

"Error"=E; var(E) error; var(error)=se 2 (9)

"Observed score":X; estc();
X = T + E, eat(Q) = 0 + error,

(independent), (independent),
var(X)=var(T)+var(E). var(est(9))=l+se 2 (0).

rho2 XT var(T)/var (X) rho 2 = i/fl~se2 (9)j (2)

from (1). from (1).

Usinq slightly different notation. 5ameiima (1977) notes
that rho 2 in equation (2) reoresents the reliability, or
expected correlation between parallel test scores, for an
IRT-scored test. She notes that this form is impossible or
deceptive if se2 (8) varies as a function of 9; However, in a
CAT system, it is possible that se 2 (9) is a constant and

equatio. (2) is preciseiy correct.
Further parallels may be drawn between the classical

theory and IRT CAT systems. In classical test theory, the
best prediction of the true score is the so-callea Kelley
(1947' "regressed" estimate, which is

rest(T) rho2AT X (3)

if X, T, and E all have mean zero and var(T)=1. If one
"bends" IRT sllyhtly, by claiming that the likelihood over 9
is exactly (instead of approximately) Gaussian with mean
est(9) and variance se2(9), then

rest(9) = rho 2 est(9) (4)

is exactly equal to either the Bayes modal estimate of 9 or

the expected a posteriori estimate of 9 computed with a
population distribution which is N(O,1). The mode and the
mean become the same when "everything is Gaussian"; that is

why we are using the generic notation est(G) and rest(G) for

the un-regressed and regressed estimates of 6 respectively.
Note that in the context of an IRT CAT system using a

fixed (equal) se 2 (a) stoppinq .ule, the concept of
reliability is not "dead". It is, as a matter of fact,
enhanced: it is "righter" than ;.t ever was under the
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classical theory. it is "righter" because it is based on the
idea of equal error variance, which was never true for
classical test scores, but which can oe made true in CAT.

The value of rho is both a prediction of the (hypothetical,
"washed-brain") test-retest correlation between estimates of
9, and it is the "regression" or "shrinkage" constant in the
Bayea estimates of G.

Lord and Novick (1968) distinguish among three different
"errors- in the:r discussion of the classical theory of
reliability and those distinctions are useful here as well.
The three error vari-nces discussed by Lord and Novick, and
their IRT counterparts in equal-se 2 CAT systems are
tabulated in Table 2.

TABLE 2

Variance of Measurement

Classical Test Theory IRT

var(E) = var(X)[l-rhoXX,] se 2 (9)

vart[est(e)] l-rho2

Variance of Estimation

Classical Test Theory IRT

var(T)(l-rhox" 1 !/ (l I/se 2(G)]

- var[8) (1-rho
2 )

Variance of Prediction

Classical Test Theory IRT

var(X)(l-rho 2XX , ] i/C! i/se 2 (8)J se 2 (8)
- vartest(8)Jl-(rho 2 )2 ]

The discussion in Lord and Novick (1968, p. 67-8) is cast in
terms of standard errors, instead of the variances given
above: the standard errors are the square roots of these
variances. The standard error of estimation is the square

root of se 2 ; the standard deviation of the Bayesian
posterior over 0 is the square root of the variance of

estimation, and the standard error of prediction of a
subsequent estimate of 0 from the regressed estimate is the
square root of the variance of prediction. Those three
values are not generally the same, which is one of the

things wrong with defining reliability as "the degree to
which a test is free from error": which error?. But they are
all functions of rho 2 .

It is also possible and reasonable in this context to
consider the reliability of compos,t- scores C obtained as
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i
linear combinations of estimates of two or more Gs. The
simplest example is a composite of two tests. If

est(C) estt( l) + est(92)

= -8 !  errori) + (82 - error2),

and the Gs are correlated r with each other and the errors
are uncorrelated with everythinq, then

var(est(C)) = var(91) - var(92)

varEi) var(E ) - 2r sartcvar(e1)var(e2)

and

var (C) var(ei) + vark92) * 2r sqrt var(81)var(82)],

so

rhoGC c " var (C )/var (est (C ))

as per equation (1). Generalization to composites of more
than two scales is obvious.

Other metrics

If the test scores are to be reported in some metric
other than the 9-metric, such as "expected raw score"
(Elscore), and composites are to be computed as linear
combinations of scores in that metric, then it is obligatory
that reliability be reported in the transformed metric. The
simplicity described above can still be obtained in a CAT
system if the stopping rule is based on equal se 2s in the
E(scorel metric. This is somewhat deceptive psychologically:
equal se2Etscore] represents very unequal se2 s in the 6
metric, as E(scorels at the extremes have very small
variances when the associated estimates on the alility
dimension still have very large variances. But rho 2 would
have its correct meaning in the metric in which the test is
being described.

Unequal se2 stopping rules

CAT systems may be implemented with stopping rules
other and those which give constant se2 s. Such stopping
rules clearly produce unequal se2 s for different values of
est(). What happens to the concept, and the computation, or
rho 2 under such alternative stopping rules?

There are several problems. The most obvious is that
rho2 cannot be computed as in equation (2), since that
requires a constant value for se2 (8), which does not exist.
Samejima (1977) suggests that for some purposes equation (2)

may be replaced by
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rho 2 = l/fl-averaqe(se2E)))) (5)

in which the error variances are averaged over the
distribution of 0 for the group beinc tested. Several
further problems immediately arise. One is that the estimate
of "reliability" obtained with eqat.on (5) depends on the
distribution of G used in the "averace": if it is the
theoretical population distribution, it depends on the
theory, and if it is an empirical distribution, it depends
on the sample.

A second problem is that it is not clear what purpose

rho 2 computed using equation (5) could serve. It remains
true that it is an estimate of the correlation that would be
obtained between parallel tests. However, it is not an

indicator of the size of the error var-ance for any
particular est(O). Here, all eat (G)s have different se 2s and

rho 2 computed from (5) reflects only their average. An
average of a set of numbers which are known to vary
systematically is not particularly useful. It would be much
more useful, if the goal was to characterize the size of the
errors of measurement, to abandon the concept of reiiaDility
altogether and report the sizes of the se 2 s as a function of
G, in either graphical or tabular form.

We noted above that, in the equal-se 2 situation, the
value of either se 2 or rho 2 is indicative of the amount of

"shrinkage" induced by the population distribution in
regressed estimates of 6. Unfortunately, rho 2 from (5) is
not informative about shrinkage. Indeed, there is rather
serious theoretical problem underlying this loss-of-
usefulness of the concept of reliability. When the se

2 s of

est(e)s are unequal, each is regressed a different amount

(proportional to its own variance) in Bayesian estimation
schemes. That means that the population distribution has
differential effects on different individuals, which may be

unfair.
Consideration of the reliability of composite scores is

complicated extraordinarily by unequal se 2 s at the
individual score level. Even in the simplest case in which a
composite is the sum of two component scores, if those two
component scores ms/ have different se 2s associated with
different values, then -- single value of the composite could
have a wide variety of se 2 S. This is true because a single

value of the composite could be produced by different

combinatJona of GI and G2, in which each G could have
different se 2s which are combined to give the se 2 for that
particular way of obtaining that score on the composite.

While it is true that the distribution of se 2 s possible
for each value of the composite could be averaged to give a
single average(se2) for that value cf the composite score,
that could be a fairly deceptive value when applied to any
particular instance of that composite score. And each value

of the composite score would still have a different se 2 ;
those would have to be averaged again to produce a single
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"reliability coefficient" for the composite score as a
* whole. It is possible to do this numerically, or actually

compute empirical test-retest reliability coefficients; but
* what is the use of such multiply-averaged numbers when we

know that the average value applies to no particular test
score?

* Conclusion

There 18 a qreat deal to be said for the concept of
reliability: it predicts test-retest correlation, describes
the error variance of test scores, and specifies the amount

* of "shrinkage" inherent in Bayes estimators. Thera is even
rore to be said for the construction of tests which

* unambiguously have some specific reliability. It appears
that such tests must be administered by CAT systems with a
constan* se2 stopping rule.
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'-. ~Mut.-dinens'onai Performance zaaurea en% I

Lawrence M. Hanser and Jane M. Arablan
V,. 7U.S. Army Research Institute-

Lauress Wise
American Institutes for Research

Introduction and Background
S.'- --

This paper is based on data collected for the large Army personnel re-
search project titled "improving the Selection, Classification, and Utilization

[ of Army Enlisted Personnel: Project A" (Eaton, Hanser, & Shields, 1985).
This project was conceptualized and planned during the 1980 to 1981 time pe-
rod, and a contract was signed with the prime contractor, Human Resources

,.- 5~ Research urganzation (HumRRO), in 1982. It is being conducted jointly by

scientists from the U.S. Army Research Institute for the Behavioral and Social
Sciences (ARI), HumRRO, the American Institutes for Research (AIR), and Person-
nel Decisions Research Institute (PDRI).

Early in the planning for Project A, it was recognized that a large pro-
portion of the research would have to be devoted to criterion development.
Plans called for the development of several differet measures of performance:
a) tests of hands-on performance, (b) paper and pencil tests of job knowledge,
and (c) ratings of typical performance. Each of these broad categories of
criteria were further subdivided. Hands-on tests included tasks which were
specific to each Military Occupational Specialty (MOS) as well as tasks common
to all MOS. Two kinds of paper and pencil tests were constructed: (a) to
emphasize the content of formal school training, and (b) to emphasize MOS-spe-
cific task performance. Rating forms were constructed both for MOS-specific
task rerformance as well as for non MOS-specific Army-wide performance that we

have labelled broadly as "soldiering."

The initial impetus for developing such a comprehensive set of criterion
measures was largely a function of our underlying theory of performance meas-
urement. This underlying theory states rather simply that performance in a job
is multi-dimensional, and that it is not possible to capture that
multi-dimensionality using only one measurement method. A method of measure-
ment may be intrinsic to some tasks. For example, having the requisite knowl-
edge of how to take a person's blood pressure may not be the same as actually

being able to perform the task accurately, yet both are important. An individ-
ual may score high on a paper and pencil test on this task, but might not score
as high on a hands-on test of this task. in order to be successful in perform-
ing this task on the job it requires: (a) the knowledge of how to do the task,
(b) the physical skills to perform the task, and (c) the motivation to do it.

Or to put it in another well known way: performance - f(ability x motivation).

IThe views expressed in this paper are those of the author and do not necessar-

ily reflect the view of the U.S. Army Research Institute or the Department of

the Army

N71.
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-za.se of 'ne co:Vlexity of the criterion space being measured in tis

prcOect it s extremely importan.t that it be fully understood prior to choos-

ing a fnai set of predictors and recommending changes to the Army's selection

anl classification procedures. Several recent papers by project scientists

na'e beun to address the issues associated with criterion development (c.f.,

.±.,l .e, cast, & Pulakos, 1985; Campbell a Harris, 1985; Rumsey, Osborn,
A Word, 19 -6;. brman et al. constricted and tested a path model of supervi-

sory an4 Teer rat.ngs to examine how each are related to other measures of

rfC rmance. ne-, found that both job knowledge and hands-on task proficiency

are related to ratings, with the dominant path between ratings and hands-on

;rof:z=ency. They conclude, however, that "... for the most part different

xuthds of ensurrng job performance yield quite different results." Campbell

at.o narris 1escro-be the results of attempting to interpret criteria using a

eroup of "concerned psychologists." They also present a "working model of job

erformance for the domain of skilled jobs." in examining the correlation

ztr:ces of hands-on and job knowledge tests and rating scales, they state

the methods correlate more highly within themselves than they do across meas-

urPs." RuMsey et al. examine the relationships between job knowledge tests and

hands-on tests of job proficiency. In each of these papers, a central theme is

the m.Iti-dimensaonality of performance and the importance of using dafferent

measurement methods to capture performance adequately.

The intent of this paper is to further explore the criterion space meas-

ured in Project A. Previous research has focused on aggregate measures of

performance such as total scores on hands-on or paper and pencil tsts or aver-

age ratings across several dimensions. In this paper we focus on task level

measures in order to begin to understand better the relationships between kinds

of tasks and methods of measuring performance o., them. Through this we hope to

gain a tetter understanding of the method variance associated with measures of

task performance.

Method

Subjects

Datp reported in this paper were collected in 1984 as part of field tests

of the criterion measures developed by Project A scientists. Participants in-

cluded first tour soldiers in two Army MOS: (a) 178 Infantrymen (MOS 11B) and

(b) 167 Medical Specialists (MOS 91A). A complete description of the data

collection methods can be found in Campbell and Harris (1985).

Variables

Percent correct steps per task and average supervisory rating per task

provided the major variables used in these analyses. Percent correct scores

were obtained on both hands-on and written tests. For each MOS reported here,

approximately 15 tasks were scored using all three measurement methods: (a)

hands-on performance, (b) multiple choice paper and pencil test, and (c) aver-

age supervisory rating of task performance. Approximately 15 additional tasks

per MOS were tested in the paper and pencil test, and these were also included

in the analyses. In sddition, total score on a paper and pencil test focusing

on training course content, average supervisory rating on overall performance,

and Armed Services Vocational Aptitude Battery (ASVAB) subtest standard scores

were included. This resulted in a total of approximately 71 variables per MOS
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to be inclded in these analyses. Although these are a relatively small number

of s~b~ects gi'en the number of variables, the limits of analysis are a func-

t::rn cf the number of factors extracted. These sample sizes will support the

extraction cf a maximim of five to seven factors per MOS.

Analyses

.no.gh sce "feel anxious in the presence of too many partial or

semi-Fartial ;crrt;ations" (Campbell & Harris, 1985), we decided to explore
tese data is n. factor ana>sis. Our specific plans were as follows: (a)

extract a set of cb±tque factors for each MOS, (b) examine the inter-factor
2crrelaton matrices, and (c,: examine the patterns of loadings within and

acrcss MCS. We used a princepal axis solution with an iterative solution for

tte cnrmunalitles and a Promax rotation. We decided on the number of factors

to extract based on an inspection of the scree and interpretability of various
solutions. In order to conserve space, descriptive statistics and

reliabilities are not reported here. They are, however, available elsewhere

'Borman et al., 1985; Campbell & Harris, 1985; Rumsey et al., 1985).

Results and Discussion

The data on the Medical Specialists yielded a five factor solution. Table

I shows the oblique solution. Variables reported in the table are iimited to
tne three highest loading on any factor, any variable with &n absolute loading

of greater than .30 on a cross-method factor, and any variable with loadings

greater than .30 on two or more factors.

Table 1. Rotated Factor Pattern (STD REG COEFS)

I II III IV V
80 . . . Rating:Splint Suspected Fracture <Supv>

77 . Rating:Put on Field/Pres Dressing <Supv>
75 Rating:Perform CPR <Supv>

58 . -35 Rat4:.g:Measure/Record Respir. <Supv>

53 • 30 . Rating:Measure/Record Pulse <Supv>
57 . P&P:D9-Replace Filters in M17 Mask
51 P&P:14-Measure/Record Respirations

47 P&P:19-Estab/Maintain a sterile fld
43 HO: A4-Put on Field/Pres Dressing

34 . HO: 9-Init a Field Med Card
68 ASVAB SUBTEST SCR-Arithmetic Reasoning

57 . ASVAB SUBTEST SCR-Math Knowledge
52 ASVAP SUBTEST SCR-Coding Speed
49 P&P: 16-Assemble Needle & Syringe

49 P&P: K2-Draft/Fire TPR Charts

42 . P&P: A6-Open Airway
40 P&P: 17-Change a Sterile Dressing

41 32 School: All items
76 ASVAB SUBTEST SCR-Auto/Shop

71 ASVAB SUBTEST SCR-Electronics Information

59 ASVAB SUBTEST SCR-Mechanical Comprehension
37 P&P: G3-Vehicle Recognition

68 HO: I3-Measure/Record Pulse
51 HO: 19-Est/Maintain Sterile Field
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47 HO: 14-Measure/Record Respir.
33 35 HO: AB-Splint Suspected Fracture

As expected, there are strong method factors, with little overlap of
wariables across method factors. Note, however, that two ratings overlap with
the ASVAB factors, and one of the hands-on tasks overlaps with an ASVAB factor.
Two hands-on tasks have loadings greater than .30 on Factor II, the paper and
pencil )ob knowledge test factor. Several of the job knowledge test tasks load
on the two ASVAB factors. Also, ASVAB splits into two factors, a math/speed
factor and a technical factor. Table 2 provides the factor correlations.

Table 2. Inter-Factor correlations

I II III IV V
i 100 1 7 -11 17
II 1 100 15 27 -2

III 7 15 100 -6 19
IV -11 27 -6 i0O -8
V 17 -2 19 -8 100

Not surprisingly, the paper aia pencil job knowledge test factor, Factor
II, and an ASVAB factor, Factor IV, have the highest correlation. Note, how-
ever, that none of the ASVAB subtests have loadings of .30 or higher on Factor
., and that it is the ASYAB technical factor which correlates highest with the
job knowledge paper and pencil test factor. The ASVAB Verbal subtest did not
meet the criteria for inclusion in this table. These results would seem to
indicate that correlations between ASVAB and paper and pencil job knowledge
....a.. ore not simply the result of shared method variance.

The next highest inter-factor correlations are between the hands-on fac-
tor, Factor V, and the ASVAB math/speed and rating factors, Factors III and I
respectively. While the hands-on factor is a relatively pure method factor,

its correlations with the other factors strengthen the conclusions of Borman et
al. Each method appears to measure a different but related piece of job per-
formance.

Table 3 contains the oblique promax factor pattern for Infantrymen. Seven
factors were extracted. The choice of variables to report was based on the
same rules as for the previous table of loadings.

Table 3. Rotated Factor Pattern (STD REG COEFS)

I iII IV iv v I vii
64 P&P: E5-Oper as Station in Radio Net
64 . . . School: All Items
61 .. . . P&P: B4-Perform OP Maint. on M16A1
59 . . . . P&P: HI-Perform Tracked Vehicle Maint
56 -39 . • P&P: EI-Collect/Report Info

66 . Rating: Install/Fire/Recover MI8A1 <Supv>
65 .Rating: Load/Clear M60 <Supv>

59 . Rating: Prepare Range Card for M60 <Supv>
54 37 Rating: Mean non MOS-Specific<Supv>
50 33 Rating: Navigate on Ground <Supv>
38 39 Rating: Set Headspace/Timing on .50 <Supv
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51 .P&P: G8-Estimate Range
76 ASVAB SUBTEST SCR-Auto/Shop
74 ASVAB SUBTEST SCR-Mechanical Comprehension

73 ASVAB SUBTEST SCR-General Science
73 ASVAB SUBTEST SCR-Verbal

79 Rating: Op as Station in Radio Net <Supv>
76 Rating: Op Radio Set AN/PRC-77 <Supv>
44 .O: E5-Op as Station in Radio Net

I 31 HO: BC-Engage Targets w LAW
68 HO: C6-Call/Adjust Indirect Fire
67 HO: G8-Estimate Range
55 HO: B4-Perform Op Maint on M16AI

39 37 Rating: Call/Adjust Indirect Fire <Supv>
30 • 32 P&P: B9-Engage w Hand Grenades

32 . . HO: BB-Prepare Range Card for M60

a a58 HO: JI-Movement in Urban Terrain
*.• .56 HO: BA-Prepare Dragon for Firing

36 50 HO: B9-Engage Targets w Grenades
47 - HO: Il-Install/Fire/Recover M18AI

=• 35 • P&P: A-Prepare Dragon for Firing
.. . . • 71 ASVAB SUBTEST SCR-Numerical Operations

59 ASVAB SUBTEST SCR-Coding Speed

40 54 ASVAB SUBTEST SCR-Math Knowledge
* *, . 41 53 ASVAB SUBTEST SCR-Arithmetic Reasoning

While similar method factora emerge, the factor space for infantrymen is
slightly more complex. The ASVAB Factors III and VII are quite clean, though
Factor III and the paper and pencil job knowledge test Factor I are relatively
oblique (Table 4.). These factors are substantially more correlated than are
the two ASVAB factors with each other. Note also that the ASVAB math/speed
Factor VII has a lower correlation with the paper and pencil job knowledge test
Factor I, than the more technical ASVAB Factor III. If there is a simple
"written test" factor, it failed to emerge in either of these solutions.

Perhaps most interesting are Factors IV and V. Each of these factors i.as a
mixture of variable loadings representing different measurement methods. On

Factor IV the supervisory rating and hands-on test for operating as a radio
station in a net both load substantially. On Factor V the supervisory rating
and hands-on test for call/adjust indirect fire both load substantially, and

the paper and pencil and hands-on tests for engage targets with grenades also
both load substantially.

Table 4 gives the correlations among the factors for Infantrymen. This

solution is considerably more oblique than the solution for Medical Special-
ists.

Table 4. Inter-Factor correlations

I lI III IV V VI VII
I 100 30 53 36 18 25 24

II 30 100 13 40 18 19 -3
IIi 53 13 100 6 13 -1 29
IV 36 40 6 100 21 34 -5
V 18 18 13 21 100 -2 1
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Vi 25 19 -1 34 -2 00 0
VI 24 -3 29 -5 1 0 100

The highest correlation 2s between Factor I, the paper and pencil job knowledge
test factor, and Factor III, the ASVAB technical factor. This result is simi-
lar to that noted pre-iously. The two primarily supervisory rating factors, II
ana iV, are quite highly correlated with the paper and pencil test of job
k.'.rwledge factor. Tn fact, Factor IV correlates almost as highly with Factor I
r=.36) as it does with the other rating factor, Factor II (r=.40). The two
.ands-on test factors, V and VI, are uncorrelated with each other. Factor V1
has respectable correlations with both the paper and pencil job knowledge test
factor, Factor I, and the rating factor, Factor IV.

Conclusions

Our tendency as psychologists is to abhor method variance as something to
be avoided. This should not necessarily be the case in the realm of job per-
formance measurement. Performance of a task requires first the ability and
motivation to learn the task, and second the skill, ability, and motivation to
perform it. Different methods of measuring performance, hands-on tests, writ-
ten tests, and ratings, capture slightly different aspects of performance.
Some of these relationships are apparent from the data presented above.

What remains for us is to understand which kinds of tasks are most appro-
priat-ely measured by which methods. The research reported here, while open to
several interpretations, presents a method and several examples of a way to do
this. Clearly, more research needs to be conducted into the content of the
tasks themselves and their relationships to method factors across several more
occupations than are included here.

A References

Borman, W. C., White, L. A., Gast, I. F., & Pulakos, E. D. (1985, August).
Performance Ratings as Criteria: What is being Measured. Paper presented
at the meeting of the American Psychological Association, Los Angeles, CA.

Campbell, J. P., & Harris, J. H. (1985, August). Criterion Reduction and
Combination via a Participative Decision Making Panel. Paper presented at
the meeting of the American Psychological Association, Los Angeles, CA.

Eaton, N. K., Hanser, L. M., & Shields, J. L. (in press). Validating
Selection Tests Against Job Performance. In J. Zeidner (ED.), Human
Productivity Enhancement. New York: Praeger.

Rumsey, M. G., Osborn, W. C., & Ford, P. (1985, August). Comparing Work Sample
and Job Knowledge Measures. Paper presented at the meeting of the American
Psychological Association, Los Angeles, CA.

309

-C' .



W ALK-THROUGH PERFORMANCE TEST DEVELOPMENT: LESSONS LEARNED

Carl i. Taylor

Jack L. Blackhurst
Rodger D. Ballentine

Air Force Human Resources Laboratory

Brooks Air Force Base, Texas

The Air Force Human Resources Laboratory (AFHRL) is involved in a

multi-year effort investigating the feasibility of measuring and linking job

performance to Armed Services Vocational Aptitude Battery (ASVAB) scores. The

major focus of this work is the development of a technology for systematically

obtaining job performance data as criteria for validating enlisted, officer,

and civilian selection systems, and evaluating Air Force training programs.

Planning for the Air Force's program of research in performance assessment

began several years ago as the result of three primary requirements.

Operational military and civilian program managers in the manpower, personnel,

and training communities asked AFHRL to develop an approach for measuring job

performance so that the measures could be used to assist in the evaluation of

theii training and selection program-. Secondly, the manpower, personnel, and

training research community needed performance measures to serve as criteria

4 in their research projects. Plans for the Air Force performance measurement

effort to meet these requirements were already under development when a third

requirement for these measures came with the congressional mandate to test the

feasibility of validating the ASVAB against job performance measures.

The cornerstone of this criterion development effort is a work sample

testing approach known as Walk-Through Performance lesting (WTPT). The WTPT

process is being developed to expand the range of job tasks measured to

include tasks which do not lend themselves to hands-on testing because of

cost, time, and/or safety considerations. WTPT combines hands-on task

performance and interview procedures to provide a high fidelity measure of

individual technical job competence.

The walk-through procedure involves taking the job incumbent to the work

site and administering a combination of performance tasks and interview

questions. The interview testing component will be evaluated b oth as

supplement to hands-on data collection to ensure adequate sampling of the

domain of tasks in a job and as a more cost-effective substitute for hands-on

testing. A wide range of alternative job performance measures will be

developed in adcition to the walk-through testing methodology. These include

peer, supervisor, and self-performance ratings, at the task, dimension, and

global levels.

Alternative measurps will be developed for the same specialties used to

develop walk-through testing techniques. When job sample, interview, and

alternative forms have been developed _or each of the Air Force specialties

selected for this study, their relative ility will be determined. Existing

performance measureb such as technical training scores, Airman Performance

Report ratins, bkill-level advancement Lndiccs, and Specialty Knowledge Test

scores will also be evaluAted as possible alter,;ative measures.
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* Over the past two years AFHRL has developed VTPls for four Air Force

Specialties (AFS1. The Jet Engine Mechanic career field was selected as the
AFS for ',7PT Drototype development. As the Jet engine mechanic WfPT was
developed, the process was cocumented 'Alba and Wilcox, 1985) to serve as a
set of procedural guidelines. These guidelines were then applied to three

additional career fields: Air Traffic Control Operator, Avionic
Comaunications Specialist, and Ground Radio Operator. The desire was to apply

the guidelines directly to the next three career fields; however, it was
anticipated that modifications might be needed to account for the

dissimilarities between mechanical and non-mechanical career fields. The

purpose of this paper is to highlight the lessons learned as the WTPT
Procedural Guidelines were applied to the other career fields.

TASK SELECTION/TASK ANALYSIS

This step of WTPT development was d rectly transferable to the three
additional career fields. That is, computerized occupational analysis data

was used to deveiop a task selection plan. This plan specified the guidelines
for identifying Phase I tasks (tasks performed by 30% or more of first-term
incumbentsj and Phase II tasks (tasks performed by 40% or more of first-term

incumbents in a functional area and not included in Phase I).

The selected tasks were then reviewed/validated by subject matter experts
(SME) during task selection workshops. These workshops resulted in a number

of tasks being discarded or moved from one phase to another due to mission

requirement changes, technology changes, or low task difficulty levels. The

inconsistencies between occupational analysis data and SME input can be
attributed to the age of the data. Even though the occupational survey

reports (OSR) were the most recent ones for the three career fields, they were

three to four years old. This resulted in several false starts. For

instance, based on OSR data pertaining to the numbers of first-term personnel

in subareas of the ground radio operator career field, the initial focus of
task selection was on the Military Affiliated Radio System (MARS) area and not

on the Mobile Communications (MOB) area. After spending some time with SMEs,
it was discovered that, since the last OSR, mission emphasis had been

increasing for the MOBs and decreasing for the MARS.

This type of problem can best be alleviated in the future by ensuring that
OSR data is current on career fields selected for WTPT development.

Communicdtion with the major command (MAJCOM) career field functional manager
very early in the task selection plan development is also essential so that

recent or upcoming modifications in technology or mission can be a built into

the W'TPT.

Once tasks had been selected, a task selection workshop was held.

Participants included the career field functional manager and SMEs having
extensive experience in the career field. During the task selection workshop,

emphasis was placed on ensuring the tasks were currentlv performed and that
they were performed in a simiar manner by everyone in the applicable

functional area (i.e., flightline, shop, operations, maintenance). If
workshop participants suggest deleting a task or moving it from one phase to

another, detailed documentatiu)n should be provided on the justification. For
each task, documentation should also be provided on equipment-related

similarities/differences in how a task is pcrformed, reliance on local

operating proceoures and Air Force or AJM,(XM regulations, whether ,
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aesermers only perform parts of or all of a task, and if a task is
p. -d in the same manner in all units. Increasing the emphasis in these
areas during the workshop will reduce confusion during the task analysis stage.

The objective of our task analysis is to gather information essential to
;TPT item development. Relevant information includes beginning and ending
points for each specific task, critical steps for task accomplishment,
logistical requirements for task completion, required configuration of

4% equipment, time critical and safety steps, effects of local operating
procedures on task performance, and representativeness of the task. This
information is gathered by referencing applicable regulations, technical

*- orders, and local operating instructions as well as discussions with SMEs
the field. The desired result of the analysis is a comprehensive list of
steps required for successful task completion. These steps shouiJ be
generalizable to any situation in which the task might be observed and should

" be used to objectively evaluate an individual's performance on the task.

For the ground radio and avionic communications career fields this process
worked very well; however, problems were encountered in the air traffic

*control area. One problem area is related to the differences in the work
environment for radar approach control (RAPCON) personnel and tower

*j personnel. RAPCON controllers depend solely on various radar scopes to
separate and sequence aircraft. Tower controllers are concerned with line of
sight traffic separation and use radar very infrequently. The result is that

* there are only a very small number of Phase I tasks (i.e., those accomplished
in both facilities). Those tasks which are performed in both areas, typically

' are perfointed differently in the two areas. This resulted in a "separate but
equal" approach. Problems encountered in constructing the :tual WTPT will be
discussed in the next section.

Test Development

The WTPT procedural guidelines also se-ved as the basis for test
development on all three additional specialties. The guidelines transferred
easily to the new specialties; however, problems were encountered in
developing standardized tests once the tasks were identified.

Tkne fi st problem area is test security. Because of the physical
arra-gemeat of most radio operations cooms, avionic maintenance shops, and air
traffic control facilities, it will be difficult to administer the WTPT
without allowing others to observe the tasks being evaluated. One possible
solution is to temporarily partition off the test area; however, this may
impact the unit's ability to carry out their mission. Additionally, some
r-dio facilities require security clearances for facility access due to their
mission. This y present problems during data collection as prospective
contractor evaluators have not obtained clearances. In an attempt to
alleviate this problem, the AFFRL recently conducted a study comparing
performance ratings given by contractors with those given by active duty
personnel; however, results are unavailable at this time.

The air traffic control field presents unique problems in terms of
develoing qt:,ndardi zed test i situations. ,or instance, the radio,
ivonics, and jet engine mecnanic jobs involve heavy reliance on technical
oiderq. are labor intesive, and are characterized by completion of tasks in a
routine, tandardizcd manner. Most tasks can onl\ be done one way and only
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rarely does the performance of one task have any effect on subsequent tasks.
These characteristics make it relatively easy to construct standardized
testing environments. In addition, jet engines or radio equipment can
actually be used for the test and the test administrator can ensure the
equipment is configured exactly the same for each incumbent.

Conversely, the air traftic controller's job is characterized by many
*: correct ways to deal with a situatio, is intensely interactive, and often has
* a time critical component. For test administration purposes it cannot be

requested that aircraft fly repeatedly in preset patterns for purposes of
presenting standardized scenarios ro the incumbents being evaluated.

Another characteristic of the air traffic control area is that individual
tasks for -'is career field require few measureable steps for completion.
This is a function of the air traffic controller's job. For instance, tuning
a radio or troubleshooting avionics equipment requires a series of specific
steps which can be readily observed and objectively evaluated. In contrast,
the observable portions of the air traffic control job consists of keying a

microphone, operating runway lights, or using the correct phraseology. These
tasks cannot be further dissected into measureable substeps.

To address these problems, AFHRL developed a "job module approach" for air
traffic control operators involved in RAPCON duties. The job module makes use
of RAPCON simulators and combines a number of tasks into standardized
scenarios. The incumbent is seated at the simulator radar screen and is
req,-ired to "worl" typical traffic problems of varying levels of complexity.
Individuat tasks are scored as they occur in these scenarios. Due to the

absence of tower simulators, a number of approaches for developing
standardized job modules for tower personnel were considered. These
approaches will be outlined in the following section.

Due to the absence of tower simulators, AFHRL considered a number of
approaches to standardized hands-on te3ting for tower personnel (e.g., using
the tower simulator, video taping scenarios from the simulator, developing a
new simulator, computer games, slide presentations, and video taping live
situations). Each of these approaches was evaluated jith respect to test
standardization, objectivity, stimulus fidelity, cost, discrimination, and
time to develop. As a result of these comparisons, the use of video taped
!1ve traffic is being pursued.

Summary

The AFHPL as developed a set of procedural guidelines which can be used
t') design valid, reliaole, and standardized hands-on performance assessment
instruments for Air Force enlisted career fields. The guidelines were
developed arouied a mechanic.-l career field and then applied to career fieldsrepresenting the remaining three ASVAB Aptitude Index areas (administrative,

electrical, and general). The major lesson learned with respect to applying
the procedural guidelines concerns the OSR information used as the starting
point for task selection. Every effort should be made to ensure that the OSRs
are current for future AFSs. The other lessons learned involve the ability to

issues. Being aware of these issues at the beginning of WTPT development will

result in a much smoother devolopmeit.
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ON THE CONTENT AND MEASUREMENT VALIDITY
OF HANDS-ON JOB PERFORMANCE TESTS

-~ ~.PROBLEM

The justification for using aptitude tests to help select enlisted recruits
and assign them to occupational specialties is that aptitude tests are valid
predictors of performance. The aptitude tests used by the military services
have been extensively validated as predictors of performance in occupational
specialty training courses. Their usefulness as predictors of performance on
the job, however, is less well documented. The Job Performance Measurement
Project has been initiated to validate the Armed Services Vocational Aptitude
Battery (ASVAB) as a predictor of job performance.

The question then arises of how job performance should be measured.
The measures favored by the Joint Service Job Performance Measurement
Working Group are hands-on job performance tests. These tests have intrinsic
validity because of their high fidelity to job behavior. Hands-on performance
tests, however, are susceptible to poor content and measurement validity.

-.. Poor content ..al:di ma.. .__e b
tvalidiy may arise beause the tests focus on skills

easy to test in the hands-on mode without includiag the full range
of job requirements.

o Poor measurement validity may arise because the scoring
standards of test administrators are not calibrated and because test
security is difficult to maintain (examinees can find out what is
being tested and practice beforehand).

The purpose of this analysis is to examine the content and measurement

,~i! validity of prototype hands-on tests for three Marine Corps specialties-
Ground Radio RepaiE, Automotive Mechanic, and Infantry Rifleman -used in
a feasibility study to evaluate ASVAB qualification standards.

FINDINGS

The findings pertain to the two technical specialties, Ge'ound Radio
Repair and Automotive Mechanic. Because the infantry riflemen in the
sample had limited job experience, the results for them are inconclusive.

(Ag'
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0 Hands-on test scores were only weakly related to amount of job
experience, as measured by months in the Marine Corps (figure I).
Test scores were expected to increase with experience, and the lack
of relationship raises questions about how well the tests represent
the full range ofjob requirements.

a The ASVAB is a valid predictor of hands-on test scores for people
*with 2 years or less of service in the Marine Corps, but not for

people with more than 2 years of service (table I).

e Hands-on test scores did increase with experience for people with
low aptitude, but not for people with high aptitude (figure I).

601-- o Radio repairers

* 55- x - x Auto mechanics

- 50-

- 45-

40 7--T- I
6 12 18 24 30 36 42 48 54 60

Months in service

FIG. I: JOB PERFORMANCE RELATED TO TIME IN THE MARINE CORPS

These results suggest that the hands-on test content was appropriate for
people recentl' assigned to their first duty station, but less appropriate for
people with more experience, who perform job tasks not reflected in the tests.
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The findings on measurement validiti bear on institutionalizing of
hands-on job performance tests:

* The test administrators used different scoring standards, and the
same administrators changed their scoring standards across time
(see figure I1).

* Maintaining test security is difficult.

TABLE I

VALIDITY OF THE ASVA8 FOR PREDIC-PING
HANDS-ON TEST SCORES

Months in Number of
service Validitya cases

Ground Radio Repair

15-25 69 38
S2&-35 An 53 J_

36-48 00 37
Total 37 128

Automotive Mechanl.

2-14 .72 57
15-25 52 56
26-34 15 53
35-60 - 07 54
Total 37 220

a Population-wide estimate of validity coefficient

CONCLUSIONS

0 The ASVAB is a valid predictor of job performance, as measured by
hands-on tests.

a But hands-on tests lack robustness: $1
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- Content validity is sensitive to job experience.

Measurement validity is sensitive to the calibration, or

scoring standards, of test administrators.

difficult.
*Institutionalizing hands-on Job performance tests would be

Milton H. Maier

.4 

Center for Naval Analyses
Alexandria, Virginia 22302-0268
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60 - Radio Repairers
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60- Automotive mechanics
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FIG. II: PERFORMANCE RELATED TO APTITUDE AND EXPERIENCE
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The exantinee was requi red bots to describe act ions he would take and
to mark the particular equipment components on the photographs that he would
oliCr-ve and manipulate. The photographs had been take., with a wide-angle
!ens to capture boti the equipment relevant to a given task and a good deal
of irrelevant equipment in the surround. The pictured equipment provided
both a context for recall of task procedures and distractors that could elicit
incurrect respmnse, .

In the course of developing the abstracted job measure, it was discovered
that the appearance and sometimes the makeup and location of equipment varied
ameIns ships of even the same type and class (Knox class frigates) for which
the test was developed. Such variabilitv in ship construction is apparently
common when shps are built or overhauled at different Limes, by different
manufacturers, in different shlp~ards. (The arrangement of equipment on a
particular ship may sometimes be documented by ad hoc survey, but we art. not
aware of anN compilation of this information across ships.)

The result, of course, is that examinees will vary in familiarity with
the pictures of equipment appearing on suh a test taken on a particular ship,
solel as a consequence of their experiences on other ships with differently
conligures equipment. The impa,_t of such ,ariation on test performance is
likel\ t(, be greatest among apprentice job incumbents, for whom the present
test was intended, since such persons are least familiar with such variation.

, ice, ... ... ,, , that these varn t ions amnng -,hips do not necessarily

cause problems in measuring proficiency b direct job sample. In the latter,
viiations in equipment and work materials -in the normal work setting need
not lead to differences among examinees in familiarity with a particular set
of equipment selected to be represented on the test. Direct job sample tests
are often administered in a person's owni work situation and use the very same
equipment and materials that lie or she works with on the job, and standardized
score sheets for recording performance can be prepared in a general enough
way to be independent of any variations in equipment appearance in the dif-
ferent work sett ings where the test is a6ministered.

If an abstracted measure, on the other hand, attempts to faithfully render
shpboard equipment, as by photograph, the features of the equipment must
inecessaril be tho e of part (ular machinery on a particular ship. Although
the consequen es of differences in equipment have not been investigated here,
the queI tion of test fairness naturally arises when some examinees are
presented with familiar materials and others are not.

I he e t f e t " of l(u h S tuat Iona I var iat ions on abstrac ted measurement
ill b( h voided b\ (1 ) teneraI i / iHn the absI ri( ted measure so that sit uaIt ionai

.,iriat ion i-, ifrrclecant or (2) restf ict ing the abstracted measure solely to
Ia' ks thatt uise , l i pmemi t (,ld miter ias I ommn Io i all work set t ings. It may
hre, (f , I se, thaft ne- t her If t hese option on s i (( eptaIl)e foi making valid f
if nt e en( about pr of i( iency and t hat oiml y a d ire( t 'job sample may r<,main -
v I a 1e.
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:nter-Servt.ce :Iranster ct

0" jozs Performance Measurement Technology

Air Force Human Resources Laboratory
Brooks Air Force Base, Texas 78235-5601

rierbert George Baker, PhD
:;avv Personnel Research and Developmenr Center

San Diegu., California 92152-GSCO

'he DepartWment of Defens;e is coordinating a Joint-Service Joc Perform-
ance Measu remen" (JPM1) Pro~ec-r in response to a congressional -andate to
esta.mlis. linkageZ netkween 3otb performance and enlistment standards. Thec
aDject ives of -,his jox nt-Ser'. ice ProjectI are to: (1) develop rtrc
7etnoioiogies for tine meas-.rer.ent of job performance; and (Z) if feassiue,
int. enlistment standards to on-the-job performance. 71.e overall program

will develoD measirement technicques for the collection of valid, acc-rate,
and reliable hands-on job) performance information that can be related tomrecriit carcabilities. These measures, in turn, will be used as bencrmarks
against which sirrogate indices of performance (lsIxesve airt
administer tests and/or existing performance information) will be evaluated
a s s uos'tittes f or t he more expensi1ve, labor i nt ensi1ve, hands-on perf ormanrcec
measure. e long-term, goal of the research an eeorn progm)i o
each Servick- to establish an operational performance measurement program so
that )cb performance lata will'be available for use in evaluating personnel

aInd training policies and practices.

3ach o te Services is resocnsiLule for developing performa' ;measure-
ment technologies on occupational specialties wnich arc- comparable across
Services. This approach Dermits the Services to share t".e techno~ogy for
si.,ilar specialties. A part of the ba::ic strategy of the Joint-Service JP1I
pro ject is to determine if the technologies "developed by one Service can be
iti-ized successfully in other Services. 'The Air Force is responsii~le for
'aking 11-e lecad in inter-Service technology transfer. '.h.'s -,I:er wjill dic-
cu ss tine rase o the .Javy of a technology deveoe yteArFre

Air Force Testing Technology

T:he2 Air -or-e has developed a comprenensive performance assessment sys-
tem for -ne Jet Engine MIechanic Specialty using the combination of Walk-
:hrougn Performance Testing (i-,P'7 rating forms, and related question-
naires. ;T is a task-level ob performance measurement system that com-
bines :ands--on task performance and interview procedures to provide a hijh,
f i del:I me asur e o)f an inrd ivi1dua l' s technical job competence. The handIs-on
component resemble1s a traditional work sample designe2] co measure Perform-

anc oni s,-;leof tasks that have survived the im~osition of e Oeritial
meaurmen c~nt r iris Zch as testing time/cost or r ISkL of personal

M ~injury/, e'iment iamuge. 'he interview component has Lucen acIdd az a- -mian.s
of ises gt iose tasks thiat would hae een elininated because of rolse
c n s tr ainrs Interview testing t-0,es place, in the work, setting and requires

'Csan incumment',3 proficiency on a tad ab' Ling Cw?5-

ions >5e Iie r" urO'e r kno;;lel ge n procediral strengjths~u:ike<
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relate] to tihe performance of that "ask.. The incumc,:ent can answer t-:e q-es-
ions by a 'combination of v ie'r *,al1 responses, gest-.res, and d'emonstration.

., e intervle4 testing component will cce e~aluated :cotn as a more cost-effec-Ktive surrogate and2 su;pplemient to nana4s-on measures.

:n add itio. to the WTP, tse Air Fcrce nas developed1 a .;.-e range of
raring for-is as co-tential su.rrogate ]ob- performance measu;res. :nese md l-j
peer, csuperv_ cor, and self ratings al ;*-,r diff4erenl levels of meas-rem7en-
specificit: tas , mens~on, global, and Ai Joc-ie :n oddPri, a
set of c-es-ionnalres 4ere also developed- to assess 30c, experience and level
of": .ot io n. A detailed discussion of the djevelopmentl of tn:,e Air Force
cerfor:-ance assessment system can. :e fo.-nd iii Go.uldJ an,_ -:edGe rE& Jr~

Results to Date

..c A-,r Force d4evelo)ed )er'7ormance -ieasures for Ire Jet engn n ec:-anlc
(AzS 4 26XC on the tnree mlos t representatlive engine types -,3-,

33) c-.rrently -sed _-y tne Air Force. --he Air Force, ;avy,, and-arne
all -se the :-79 engine in :-'4 (f.ghter) aircraft and have first-term Jo2t
engine mechianics who malntain this engine. T:he Air Force and Navy ea

discu-ssions in the Sumlmer of 1984 regardJing the fteasibility of transferring
thle performance measures developed for "he Air Force J-79 Jet engine
-ecnanic -,o 7ne .. avy J-oj mecnanic. -nese discussions led to a transfer
clan ou~tlining individual Service responsiblities and a three-phase effort
to transfer tne technology. Phase I -as a feasibility study to determine if
the transfer could successfulIly be accomplished. Phase 11 was the modifica-

tmon "f tc mtret and proedulCss, 11nc1LJ1_Jig a zilot tea. Pase
is tne actual data collection and analysis. :.he Air Force has responsicjil-

i% I'ltyfor -nases :and ::, with the Navy responsible for Phase III.

To Logi(:,n the effort, representatives from boti, Service research labora-
tories, contractor personnel, Navy training personnel, and two tarne 3-79
jet engine mechanic experts attended a workshop at th1)e Air Force n1uman

Resurcs Lacoratory in April 1985. Tewrho ladthe ground .:ork for
he comp1ltion of the task. The Marine subject matter experts (S~lEs)
re v ie w ed e Air Force instruments and test procedures to determine thne

extentl of cc,.ange needed. Their review indicateu that the measures could be
*transferred with minimal modifications. Following t~workshop, several

fielsi ,isits witn SblEs at Navy sites were made toconfirm the necessary
changes, as well as to e,- ine the feasibility of testing Javy mechanics.
:n a-aitinr, appropriate Navy documents (Occupational Survey Rzeport, T.rAin-

ing 0-1tlines, eotc.) were reviewed to ensure that the rasks represented in
thle Air, Force tests were appropriate for tesling Navy and Miarine personnel.

Asecond qorkshop was held in julY 1' 15 at the IayPronlMsac
a nd Development Center to receive the contractor's report on th-e feasibility
study, andJ to determire if the effort should continue. The report, indicated
th-at tne -transfer of performanc-e measurement technology from tre Air f7orce
to thl-e Navy an] !Iar~ne Corps was feasiole. :,he study found that most of the
t as-k s in the Air Force instruments could bec used with only minor moiflca-
i'ano and that only two of the tasks Iwere not pcrformed b'y iavy Ur Mrine

3?8 1%



personnel due to an equipment difference. For example, "he Air Force J-79-
engine requires the installation of a starter; however, the Navy or Marine

engine lses an air start and does not have a starter. Therefore, two
tasks relate .v tne starter were deleted from the performance rest. 7%he
rating forms and experience and motivation questionnaires required only

,inor Service terminology changes and the test logistics did nor appear to
t e a problem. A decision was made to continue the technology transfer
e f fort .

However, a major finding of the feasibility study was that the ;avy iz
phasing out the J-79 engine, which affects the number of first term ..av/

nechanics that will be available for testing. Because of the limited number
C Navy incumbents available, the Navy suggested the inclusion of Marine

;-79 jet engine mechanics since, in addition to undergoing identical skill
training, they often work side by side with'avy jet engine mechanics on the

same engines. Thus, approval has been requested to collect data on M1arines,
transforming this study into a Tri-Service JPM 'echnology transfer effort.

Another recommendation from the feasibility study was to incorporate the

development of J'awy job knowledge tests into the study 3ign. The :avy's
dob knowledge test is different than the typical knowleue test in that it

makes extensive use of photographs that the incumbent can use to answer

questions. The photographs enable the incument to reference the equipment,

forms, etc. that he/she would normally use on the job. Inclusion of this
additional measurement technique would allow direct comparison of surrogate

performance measures developed by different Services on the same sample of
incumbents, something which is currently nor available in the Joint-Service

pro3ect. The recommendation was adopted and the measures will be developed

for administration with the other performance tests.

Progress has been made in the study. The instruments have been developd

or modified as needed and are ready to be pilot tested. Following the piot

tlest, the measures will be administered to approximately 100 Navy and 1!a:ine
jet engine mechanics, using test administration procedures similar to those

used by the Air Force to collect data on their jet engine mechanics.
Pesults of the data analyses will be available by the Fall of 1986.

Research Benefits

This technology transfer effort will have four major research benefits:
(1) This study will serve as a prototype for future attempts to transfer
performance measurement technologies. Experience gained from this effort
will be invaluable to any future inter-Service performance measurement tech-

nology transfers. (2) This is the first attempt at direct comparisons of

surrogate techniques, thus underscoring the ]oint-Se:vice nature of this

project. Such comparison of useful Service surrogates provides an expanded

assessment of more cost-effective performance measures. The primary surro-
gate measures ftom two Services will be directly comparable on the same
sample of job incumbents. (3) It allows the Services t gather performance

information on additional specialties at significant cost savings because
much of the design work has been completed. As a result, the transfer can f
occur relatively quickly and at a much lower cost than to do the specialty

329
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separatel; by Service. (47his ef'f ort er7.ances I e t oal :Oi nt -Serv; ce :P~
eff.or-. :1 allows the Service,- 7potnt o sharp re;;, tecnnic-es w*;le
enr'icnng th~eir own inuivid~al researcn nzrograms. -,emendou:s opport-nity
e.isrs for genera, .on of research ideas and for addJit ional analyses of
atlernative :)erformance measurement metnodls. Significant cofltriLut ons will
-,e Made to performance neasj- n-ent Jat-a Lases and researcn.

Summna- and Future Research Possibilities

AS part or t :- oin,-Service J-?M into ;ect Ce Ai oc nd - a ae

t ransf er r ing p er firmanc e mea su r enent t e nnol1ogy d eve' Ioped -3y the Air Force
fo lerin ecnanics to the Navy arid Marine :oDS he f-easibtvt,

stdv- and test constr.;ction phases have zceen conoletedl. Zk. ta coliecrton

;illl :ce cond-,cred J~ring the current yiear. 7*ne effort is trne first of its
kind and will enh!ance f-.ture nt er-Service transfer of performance teclhnol-
og. :t*-l roie additional insignt ,nlo tne compar.,son of performance
neas-rement netnodIs. Ore very -. rle researcn ootion, a1 follow-on to this
effort, would be for t-ne Ser'..ices to select a c ommon specialty (e.g., secur-

- ~ i-y polic? or personnelk) and develop) -multi:cle sur rogate measurement techni-
c4ues for the same sample ofr incumboents ~n one Service. 7o avoid overloadinq
the test incumoent with Derformance tests, a sample of "he various tecn-i
z:_es c-ould te u.sed Eor comparison purposes. This stu.dy wold all-ow for
direct comp)arison of all lhe erIce .- eaoz;rement teczhnicuez and ProVidle a
.renendous data c)ase from which to explore additional research in perform-

*ance measurement. Such research mignt nc 1 de a cost-effectveutlt
ana'.;sis of tne var:ojs s.:rroqate measu:renent techniques to determine which

recniqe i;es tne 7-aXinum p)ayoff for t-'e least cost or how surrogates can
be comnined to provide rne greatest amount of perfor-ance intormation.

in sudmnarj, benefims derived from tnis study will -.avye a significant impact
on, performance mea s,!renent researcn, for tne indi~idjual Services, for tne
Joint-Service project, and for the field of industrial psychology.
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SlJL1-1TlO\ OF INSTRUCTOR ANDn GROL-P PROCE~SS
ROLES \tITH \MlCROCO\MPL TER, TECHNOLOG')

Den icr Research Insti tite

%l'an " icas ncrn ri ta-> technical trinrv o are deficient in basic
rcu -_11s stu-cy S".a11s, arnd cogmi ti ie strA tegies, but tre> also are deficient , n

~t.t~o: -ais (~C'~b &Dobro in~ 9S 92). These rioti ational deficiencies -ire
rv: .ce n t,-, aiees' *cb1t' to n s t. li ad) j T to teJ_,'nical training, require nent-, _ind

,.T ,je r. enut ne-esiir 5( sIf -manage rient, personal responsi t,., and posi ti e self -con trol
es rcatcJ to 1'-~o.iti~(~~rb, 98-'). Spaecific deficiencies related to

~~~ ,f- 0r teGia riu errac n~ei equjate goal setting and probleir
* ~ . I~n kiKsU-i1~to jpianmn6 SKaIiS, Str ieg~eS for dealing With anIXet% ano

~tcs,&i 2numaio s~ii~(\IcCo.)nbs k Dobrovoln\ , 1982). A prograin for
fe c.bn t'tc1w Ce Icin~s ent. ted the ','ot I Itional Si lls Tra~nmng Pr~grarn , w.as

x bN %1Wco,;8 s and Dob~ro /oln (1I9S32) a r,, (.ialua ted %with %ir Force trainees. The
incice seense~lf-instrictional, Printed nodules that have been implemented in

ani i tructor-;ed, sm'all-group formrat which pro iidts trainees with the opportunity to
* ~~ ctk -C newstte-,es .1nd Sssreexperienices, and deiclop feelings of rapport vith

t be, jjtruc(_tors and peers,. E/alijaton data indicated that trainees liked the programn and
f n ' l!ij 1 -1IJpr -ojs-.ork and persona! his Triinees pripangin the

- -r -c is r 's a tc p tn

,)r.ura-n also had ig icnlhgcrtest scores and lo,;er test failure rates than controi
,7roup tr~.nees (%IcComts &Dobrorolniy, 1982). Althou)tgh- these eialuation findings xith
!x, mnoti: -tionail prog8ram pointed t) It5 success, se;icral questions remained. One set of

kc t olscancer red ;tr inw', formnat ardwherher programn cost ef fectivieness could be
enhanced by redu-cingio~rco ardixo group interaiction requirements through the use of
co-vi pite r-3ssisted instruction (C i\l for selected por t~ons of the training. These questions

creaddressed mn the reported research, undertaken for the Army Research FIstitute. Am

Background. In discussing thie us(, of cornputer-bas5ed mnedia versus con/entional
* rei~asuch as itrtosor group iaistruction, Clark (1983, 1934) makes the cogent point

that It is njot the Media per sw that inf lijence learning. Rather, it Is the content and
'ncthod of instruiction that are critical and the inediurn is mnerely an alternative deliver,.
Ilehicle. Clark argues, that in using the med~uin of cornputers, one must focus on available
1instri: tional theory in finding, the necessary instruc(tional mnethods for fostering the

--~rd learnin8 out1c0 lie. Hle also argues that decisions to use comnputers are more A
u ,tter of inplefnenta tioni is 5ueCS mirh as cost, practicality, resources, and equity of acCes

~ri3thatthi medum-an be -a\imnized to address p-irticular imnplementation problems by
foCu;sing on th~e C'orputer's special features (Clark, 1934). Therefore, in using CAl to
,1.-nulate criti~cal instrlicta)r or group process functioiis, special deli iery features mnust be 7
ca trefuill, mnatchedJ to content ard funiction requirements.

Some fQ'atilres of CAI thait arte po ten tally uiseful to students who have responded
poo)rly to tradlitional me thods include i ndi ,mdualiz~ation, mastery learning, and self-pacing.
Recent research wkith these featIIFes, larticularl y the mnastery learning model, however,
hAs raised somne (]UIi)tof abouit their e ffec -ti ieness for the disadvantaged background, lowk

i lrlt, stu(Ierit (Coirigton Il Ornelich, 1931; Federi _o, 1931; Stinard .& Dolphin, 1931;
Tnoinnpson, 1 980). Cu /ington ano ,nehch (Ml3) question whether instructional feature,,V
Ainch ricIude repeated teat trials ind grading agimst absolute sta,,dards perpetuate a
n'egati ie fiidure clefonlo abliylo self -con fide-nce students. On the practical side,
I ic)Ve "I r Se'el and Simnutis (19711 point out that kithin the \rin thiere are riony
prohlerms as)sociated w itl pro imding basic sklstraining to large numbers of individuals at
nan y di ft cr(21 t 10O at1moms (e-.g.. inconsistent (on tent (pial it y, inuco nveni en t trai ning tiines, * A
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:r;'r .t :nat,_he. of skil levels -,nd- bis 7c skil~s curriculum). Problems such as t:Kese
C\ RI :oe\e tihe use of C \l for bas,,- s-il traing in the A\rm\ In ini ti i! studi,>-

* ~ i.Z' \lhr ariu :S 01' of"rlt dg ige i S..mutIS (1979) report
CC I . t :e : *! fe ie " trcid._! t. o ,a Ii i, ir'j, z ,on, p--r t i c r I ~f , n str u Ctor ' Jr

~"t~. -ii~eoe~re ire byt'mne'w technolog\-.

Ani .,,sue ol ~:cri n thie inccessf ul iu'l'ett~ f CAI Aith a s .lls trarm-,
er she rjo-> , r ic orz I a. m tne eannprocess. A\t a irin ,r it

sge,:ec tha:, . tr ; tor > hare .np>,t into how. CAl is ised, be glien s>hort
r-,e orsic ere -, C i pp. ,C atfions .! r t expinea and demnonstr~ted, aria

.' e ;ean"."f-ul role -aining (euq., f !oom, 198!.; MlcComnbs & Dobtrovoln\, M98, I$)S?;
o, 2>., Doorovoln\, ,, Lockar t 198 3; S taszr, % in'k~er, Shaviel!son, RobN n, & Fei bel,

9S.; SA .Ig & Ptet r son, 1'98!) 1 - a dd it ion. Je r;)s te dt ( 198S3) has ir-oued t ha t
':':ec com"P11!-r technologies no, 'je usec as replacemnents for teachers and for

r p learnim iaij stresses the need for successfuil comb~nations of interpersonal
r,,int)) ooru'puter tcnlge.Interpersoriol or tlinarii funictions seen as :rnportant

a focu.s on peer relationships and cooperat,/e goal5, aind defining leadership roles

,r stet s tnd mnstructors sujch that hig task engagement results. Co-,puter functions
Ae a' :'n~portan)t i-clude frtequent and v/tred actbve, studjent interaction and the use of

v ,a. and otiier sensor feedback to m-.aintain student attention.

L (19S4) argues that for comnpu ter- based instruction to be effecti've, a learning
orert as to Ie cre:.ated that iiirrors the teaching/1earnmng ch-aracteri stics of liv/e

!~rjtion. Sim-ilarlk, Podenski (1984) argues that tchis technology should s.,rnUlate ideal
- dent-teacher initeractions and free teachers for mi-ore complex tasks, such as diagnosing

18i p robl er is, i e ip,,r g s t ude n ts develop appropriate learning strategies, and
rcn~or i istrjctioriai effeuts. Recent advancemnent-) now mnake it poss, ble to include a

rich drraN of audio and visual capabilities within interactive CAI lessons. Ginther (1983)
Ji 01_1usl' ad~ances in) the area of audio/speech devices that can be connected to a variety
')f common inicrocomputers. Benefits of these devices include the reduction of reading
recire nents, the provision of rnul tisensory exploration of newk information, anid the

1% ~ersor ilization of mnaterials. Implications for how CAl inight be used to simulate group
ntera -tion , can be drawn from- the work of Bloom (1984), Bouton and Garth (1983),
Cubber> , Oinio, &- Longano (1984), MIichaelson (1983), and Neale (1983). These include

the 1is; ri. ultiple context case histories of meaningful peer problems in which students
-in interact Vely engage in identifying the problem, consequences, and alternative
0,jt ions, th roh co;n puter- guided inquiry, irnagery, and e\planations.

hi Urnfl rv ths sleti ue revuiew has iden ti fied featuires of CAl that can be used t

r ulit instructor and group process functions. In parti-ular, careful selection of
-' tr, ainino content, caret' I design of CAL strategies, the icroaino esnlzto

t2t01ha nerto fadoadvsa capabilities, the identification of meaningful
ol i -tuctors, and use of the inherently mnoti va ting qualities of this medium should

i onbWute to the ef feo-ti ueness of the C7Al enhancemen ts.

Mlethod

Dci iand (developmnen t of CAl/audio segments. CAI introduc(tory anld practice
lc~helt were doigned and developed for edch of the se ien rotivational skills modules.

N simrple -omp uter- con trol led aiudio ca pabili11t y wa s developed t o achievie the
* pt sonali, ition desired in the simulaition of in-)truc tor an1d group) functions. The character

''i 'freate(1 to Si rndclite ntico untos was designied to enact thiree primary roles:
fan iitator, modeler, and mn iia tor. In thie facilitator role, PC helped Students acquire

new )ce1pti, skills, and strategies via introductory explanations and practice exercises.
[ it the mrodeler role, PC dlemonstrated the application of new cocpts, skills), and
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. ,. is rc sra' s n oth ~' o~:tr nd XI~ tc

o _ ro Shag, rcma irid - o'eL.i .n.j )c e' of :ht 1\ caracters
s e. e. C s 5: L am c,,.O, sk-'r t - weCrv prreraed for eajch ,,:rat(r a for tile

trcwy patc Iste -ents. i Ie ahracters w%,.,re des igneJ to "grow a
r,,.e~ ..- ~ an t,~ inib, !,tt to so!ie par ti cular problem!,s to

c pte c, n sai-os ' s !f -mai tnages -This t ran s;t io n oy-cuir re d between PC's
cce,: K\ 't a.os zC \1 -)r-ktic e~n for e c- obil,%

)i .n" a :e' oK~ poided, the C M og~ nt is acco 11a)Shed ia the audio1

v s*,70. T-zcei t ~s,0 funrion re f intcroted into a -ngi u-ii ed .)reseitltio'i ia the
terf th a.e "0 '. '.0 wC A (3) th CNIsxe reinforces ui noran b

*nacai reced-es a C NI se g:aent or fr. e; ()the a~jto ,nfo-rTation follow-

jN oae; r f-a-.e; or (a-) -e c o is aTn itc-ri -- art of a C I se g- en:t or foe
-e ":, p - esha tee. -ecordec, Pulses were dddat Points thadt coiic-idei wk ith

C ANI :r t2en :vres. Th e can; tracto r - cc e ;el)pe d , d~ ra inirtcr f c o nss s f spc calI I
ce~gneJ ,Ze'Iace mac~ih:alu s ito the ANpple lie ga rec 1/0 port. T he interface
r.eiIsth puis's f-r-- stlafl rd 5>de-, auldio -aSSete play e-r. Thi-ese p,_lses triggper
s~ee c -nes aditun io.thCNIotre(nthis case, the *\ppbe SuperMiLOT

Sr~ 0 f ) ocnrl 1 no f functio of - 0 t Ie a ud pc. C:. 15i 11p1b lt\

ao.sfor co, puiter control of a lnear sequence of audio nessages that coincide kith,
-orticular C %N1 fA - ,j seQuences, as w e> as prov~des for the person"!izat,cn., of sk~ill
tra~nn 1,n1oiit rodurctions and prac tices, at about on-e-e-ig.hth the co st of iideodi s: technology, .

E\ ~ ~ de -)- afient.I f.. e~ln en ta! conrd i t ios we cre d Ctf ed: an -,;s I)r, cal
con trol grOup (HC), current control grouIp (CC), a CAl in troduction and, pric tice group

(-\i), , C Ai introc uctionT aouj i1strict1or ) ra -ticgr , C-NAIl),1 an1,Szt(ottInto U Ct 1on
and C %I p)ra: tice group (1C MI), aind an instructor in troduction and practice group (11).

Other indepenident iarianles included student scores on the Genecral, Elec-trical,
Clecrcal subscales of the Armed Serviices Vocational A\ptitude Battery (ASVAB); in ilitary
rink;.c\ iit,ai juidgments of self-efficacy; anid initial indices of anxiety and ability to
cope w it> stress. Feedn vaibe nluded tine to complete the first and second

ours~e scemet s; tes)t failure rates in the first and second Course sa-grunts; progress index

fr, the en tire cou.rse; and wvhether students ittrited or graduated. (See VIcCo' ibs et al, in
pess, for a description of measures uised.)

Subject s. Participant , i the study were male and female students in the E le(tronic
Coinjications (EC) school at Ft. Sill. Students were assigned to one of the five currenit
r,.per rier, '-d conditions by designated Ft. Sill personnel, using guidelines and procedures
ye,:ified by the con trac:tor. A\t thle conclusion of the study, data on a total of 479

stiuutsker,2 avilable for anal, sis,. The numnbe r of students in each condition were as
f ollowks: 53 in the HG condition, 253 in the CC condition, 55 in the CMl conditon, 61I in -

thle C N1l Coniti on, 53 in the IC 'N condition, and 57 in the 11 condition.

Procedures,. A 16-hour training program for three Ft. Sill EC course instructors
accualinted th em with thle purpou of the e idaiton and the trAining prograiri, pro iied
0(uidelincs for initroducing eajch1 Trodule and -oiidui-ting the small group pra. tik-e ssSIOIS,
ifld dl,(rileci procediureN lot inpeinnCal experirienrtal ,onidition. Instrw tkon, were

i otrined in the contenit of the Cl Ni nateri a! s and opera tior of the CAI eqiTi tt. A

k orkLN)h op tar mlat wk is; ised to orisureco paai it betw-een the C Al an~d in> tr ctor

Corldi tions, ui-trij tors wxere pro iided w&ith s-ri pt,, of the c'ise studio s applying to e'ach CA I ~
hr i( to r w I t hte could i iso io> par t of their intr odic tions anid praf( tic''som i fs)rJ

ho 1odile . The p rote st n i r v'r din ni te' fred to) ,ttIider-its on thle 'In y tlwn bchegun
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_qe EC courst. Follw iri comipletion of tthe prt s> tudents wkere assig-ned to control
o, ,fpori ,tal o roups per contrar(tor procedures. The number of students assigned to

~xpt~Tle~aiconditior. , ,n any 8~iven cliss3 varied frtri 1C to 115, depending on the class
,ize. The len -th of training, averaged 25 hours and wkas conduc-ted for 6 hlours a day for 4
to 5 u~.d~idnzon the rate at w hich students com pleted the truiiing. Five Apple Ilc
,),ste-ms wkere viilA )le for the CA\I conditions. Following the completion of the

110Z. /_ t,oiull 2pr.Tetlsueits be.a their regular I-C course xork. The [C
coars"e "s uecinto ,,ko portions, the first of vbuch is approximately 4 weeks long arid

t~. send f w 1is ipprox.atl 5 weeks lgfor an avierage total leng8th of
u. ~inately 9 weeks. The cow, se is !implernented in a self-paced iiode wherein times to

o0, piet /.r\ i a function of student abl.anid nuoti .ation. Postineasure5, \ere
. J inisterC Ft. SlIh personnel in the EC course at the end of the first c:ourze portion.

iResults !nd Discussion

F1riins, Study results indicated that students who received thek moti vational skills
trannog" w it! instr_;ctor introductioris,'8roup practice (11 condition) perfor-med better

c1in te subsequent [C _ourse than either students, who received no motivational skills
tra~n.ng, (CC condlI :.on) Or stu~dents wkho recei ved the mot iational skills training via CAl
ktith no oistrujctor prcictice (CAl and ICAI conditions). This better performnance was
T',ajT I. tested insgo tnl fewer test funluItres and iess training time. In addition, as
Conpared to the CC conditioni, students rcinueither thle CAl or 11 conditions tended to

e* -, t ,ttrt' t r, t C s lhon'h these dif ferences wre- niot statistical K significant,

the 3.2 percent reduction for the CMl condition and the 4.4 percenit reduction for the 1!
concit~oni rria' have sor,.e practicdi significance in terms; of tralining costs. For suin.lar
,tudents going throughl the [C course a year earlier (thle HC condition) attrition rates
were 5.2 :nercenit lim-her thin for students in the current study' and progress indices were

aPPro\.ia "l)! 12 percenrt higher. Th-ese findings for thle [IC as compared with current
8'oups weeat least ini part a function of new procedures imnplemiented in the student
battery (housing area) that required Mandatory study periods for students not progressing
through the [C course at a satisfactory, rate. Thus, it is likely tilat findings wit:l the
\Votivatnonal Stills Training Program were attenuated in the present study.

V Since study findings indicated no overall superiority of thle CAl vs. 11 conditions,
so 1' eXploratory analyses of potential individual dfferences in subsequent student
perforn1annie asl a function of treatment condition were conducted. These analyses
gerralIIy rid ica t ed Ithat the CAI condition wa s a t least equally effect.ve for

ip)pr ox: niately half of thle students (i.e., those students of high general A5VAB abi lit, and
those students \with low perception of comnpetence or self-esteem). These findings ,mnply'
taict t'x, en ny he sy stennat C and reliable indiviidual differences that could be used in
oiffh-ren tial treatmen t formnat as signments,, thereby' reduicinug somie of the instruc tor
snippor t rireinsfor the inoti ,atnonal prograrfi as well as capitalizing oni the use of
rno-oc. ipiter ttuchnology far this type of skill training.

_1'jjtrs of stry eut.A major assumnption of tis study wvas that well
desi 6ncd C "Nl i n t rod uc toiny' and p)ra ct ic s egmne n ts, o n pleInented vianatrich

;ii no, u ,Lut-'[ /,Audio techinolo-y miux, co-(-uld prouide Lhe de:gree of personalliatnori and
s. i" i~iitioni of -r i ti( al in s)trjc tor arid grouip I on:tionis) to offset or partially' redluce
istr'a( tkr inJ grokij)pr( re~quire nients, for this, ty pr ot noti ia-tional siltraining.
1,a1n -f c t finidin 's w. ith va,_riOUs comb1)Iiations of CAl and instrur( tar/gro)Up supported
oman tiow di j niot !Lar out tis asunniPti n. This aie the possibility that, in line wvith

Clnus(1 ) 3, 19S4+) (ru,0e11iocerning) theC influence Of 'ie r o 1-i arin, thait the
IA, a~ ':i;u)Ati0f k J. ns n t >4lI f 1-1ennItIy'II niti (InRd to tiuW JOii teI i I I I ni(-th 10d o f

tisttni, tioi nediiir(,d mi this, training coite-'t. The main ;offe( t findings, also reinforce
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er t (I )~ )o oi n t tilhat t(,-1 1 teio logi es cin n ot b)e u e d i - repl a ce meori t " f or
teachers and 'roup learning, and that thero ,s a need for a synerge tic coimbinationl of thle

'ioan nd ouliput-er func'ions to achievie riaxmum instructi"onal ef fecti vencss.

The explorator) ind,,vidual difference analy es have suggested, however, thit the
CN eAl lanced versilon of the mot ia tional training was -it least equal,'y ef fec ti ie 'tot somne
t~ pes of ,tudents. Of the indiviidual d~ [fere.-ce variables available for inclusion ir- these
explorator\ anai\ ses, the I irdings wxithi the general abi h ty measure (.\SVAB General) are
not sai prisinc. That is, a number of studies hive found CMA or other riultiumedia
treutiients> to be as ef fecti ;e as traditional instructor/group methods for high ab,lits
'JUden ts (..,Clark, I 9S'f; K ulik', Bangert, & '% iliarns, 1983). On the other nand, the
fmcl...s thait stdnslow in Perceptions of co npe tence subsequentk performi better it
tfie\ i e d the C \1 enhanced ittrsion vs, the instructor/group version are so m ew ha t
')U,[n,'. N plaus-ible explanation, howkever, inay be derived fromr Bandura's (1982) theory
of self-elificac' . :1C1 w icugge'dCs that individuals, low in perceived coinpetence do not judge
them 's(Iel ies us apable of handling particular situations, including interpersonal situations.
Pfev ,wie )I their low foolings of personal adequacy, the)' are often threatened in

trnd ro lUiaitions adfeaflo ~in hi perceived inadequacies exposed. For
thiese ~md ii lthoui, it is rcasonable that the nonhuman mnedium of CAl may proviide a
les-, threitc iin8 learnn enviinnent, particularly for this type of self-developriterit
tralinn t iat requires corlsideraible self-analysis and self-exposure. As Bowman (1982) has

r'udCM~\ advantages include (ai) freedomn from fear of reprisal, ridicule, or rejection;
and (b) .pro sion for activ;e inviolvemnent in tasks that at e based on a high probability of

su J nes. Th us I t I c I iltVc ic d' u;-- ' C"' I, a Oi. -n r p ,-al t etfo h s
,t udCenit s wkhosc initial per-ceptions of self-efficacy are low.

The preceding speculations need to be verified by' further research. As noted by
Sigc -d Si'uti (10979), CAl's potenna l hes !n its ability to provuide Irdi :if-hIali7ed,

standardi/ed, and efficient instruction, particularly to adult learners who -equire remredial
tiaini, Individualization issues w'h icrocompute-r technology thus need to be systern-0

at'aiexplored, such that di fferential assignment to this mediurn can iinpro ie training
p(erorinance and lead to inore cost-effective use of human personnel. There is little
quti.on based on the research reported here that instructors anid the group process play a
cri tikcal role in) the success of motivational training and the success of indi udualized

I p ti'r hase apr 1 1(lis in gener ~±l N\cCoinbs, in press). Continued research with
ilu~ro onpaer m aimotechriolouies that can simuelate ins.tructor anid group requirements

pro': sesto contri te to a realization of the full benef its of this technology,.
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ASSESSING MI TANK COMMANDERS WITH A CYPUTERIZED HAND-HELD ThTOR

Brent BridgeiLan
Educational Testing Services

and
Theodore Post

Essex Corporation

Tank commanders on the M1 Abrams tank must be trained to very quickly
evaluate a battlefield situation, identify the target which should be engaged

. first, choose the appropriate weapon and/or ammunition (from among three
machine guns and two types of main gun ammunition). issue the appropriate fire

*e' conmmand to the loader and gunner, direct the driver to move or change
direction if necessary, and maintain communication with other tanks in the
unit. For such complex tasks, realistic hands-on training is clearly
essential to reach a level of effectiveness, or even survival, on the modern

r battlefield. But hands-on training is extremely expensive because of high
costs of equipment and ammunition as well as the costs of transportation to
the few areas that can support full-scale field exercises. In order to make

' better use of the very limited time for hands-on training, the commander
trainees should have already mastered the basic prerequisite skills before
going into the field. Thus, for example, if the trainee in the class

*practices basic elements of a fire command until they are virtually automatic,
he is more likely to be able to use them correctly under the multiple
pressures in the field environment.

The U.S. Army Research Institute for the Behavioral and Social Sciences
(ARI) has been developing a number of approaches to making traditioinal
training more effective. Several projects employ microcomputers combined with
videodisks. Such systems are reasonably realistic and are relatively
inexpensive compared with hands-on training, but they are still costly enough
that the amount of time a given soldier can spend working w.th the system is
limited. In addition, such systems are not easily portable so that soldiers
must come to a fixed location at a fixed time to work with the system.
Therefore, as a supplement to microcomputer/videodisk technologies, ARI
sponsored the development of a low-cost, hand-held computerized Tutor. The
intention was to make a device that was low enough in cost (under $150) and
small enough in size (no larger than a notebook) that it could be used by
soldiers in much the same way that they could use a textbook or manual. The
Tutor that was developed as a result of this initiative is a 10" x 11" x 2"
device with a 32 character dot matrix lisplay screen on the top, a keyboard on
the bottom (numbers 0-9, letters A-E and three operational keys: SAY, ERASE
arid GO) and an ndentation in the center that holds an open 5" x 5" booklet.
The use of a princed booklet for the display of test questions, instructional
text, and graphics permitted substantial cost savings compared to systems that
store this type of textual and graphical information in the computer's memory
and display it on a CRT. The Tutor also contains a digitized speech system.
(For a more complete description of the Tutor, see Fertner and Bridgeman,
1985).
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The Tutor was originally intended to teach technical vocabulary. Its
three independent (but mutually supporting) courseware components are - (a)
an instructional sequence including a pretest and explanatory text with
embedded questions, (b) a drill and practice session 'called Word War) in
which items answered incorrectly initially are presented again after just one
other item has been presented, again after three more items have been
presented, etc., (c) a game (called Picture Battle) requiring recognition of
an appropriate picture (or portion of a picture) given a spoken stimulus.
Because of the success of this approach for vocabulary instruction (Bridgeman
and Wisher, 1985), ARI focused attention on other areas where this technology
could be applied. One of these areas was instruction in issuing fire cu.mands

--- for Ml tank commanders. A contract was awarded to Educational Testing Service
(and its suLcontractors Advanced Technology Laboratories and BioTechnology
Inc.) to adapt a set of existing instructional booklets for presentation on
the Tutor. The remainder of this paper describes how the Tutor's three
operational modes (pretest and explanation, Word War, and Picture Battle) were
used for fire commands instruction.

Pretest and F.xplanations

Each of the 28 instructional units begins with a brief multiple-choice
pretest. The questions and answer choices are printed in the book, and the
soldier responds by pushing one of the A-E keys on the keyboard. After the
pretest, the Tutor instantly evaluates the soldiers performance , and allows
soldiers with no errors to proceed immediately to the next unit. For soldiers
who made errors, the Tutor displays the answer choice they selected followed
by the correct response. Thus, this test review becomes the first step in the
instructional process.

Next, soldiers who made errors on the pretest are directed to begin
reading the explanatory text. Frequent questioi are sprinkled throughout the
text to ensure that attention and comprehension are maintained. The Tutor
pr(-cides immediate corrective feedback on these items, but errors should be
rare if the soldier is reading carefully.

" In the vocabulary module, the "SAY" key was used to make the Tutor
* - pronounce target words that were under"-med in the text with code numbers

under them. The soldier pushed "SAY" and then the number under the word that

he wanted to hear. In the fire commands instruction the use of the "SAY" key
is quite different; ilk is used to provide a brief explanation of incorrect
answers. Instead of entering responses on the A-E keys, the soldier makes a

IM selection 1,v pushing "SAY" then 1, 2, 3, or 4. This activates the Tutor's
digitl7ed voice .system. For kxample, a page in the book shows a picture of a
battlefield scene witn several notentid! targets labeled 1 to 4, and the text

I. asks the student to identify the most dangerous threat. For one incorrect
"-=answer. The Tutor sciys "No, out of range, try again" and for another

incorrect answer it says "No, can't kill ycu, try again." Through this type
of oral feedback the soldier learns iot only which answe:, are incorrect, but
why they are ncorrect. Although this information could be presented through

-,J
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the display screen instead of the voice system, it would be considerably more
distracting, as the soldier would have to repeatedly shift attention from the
picture of the battlefield scene to the disply screen. Thus, while the use
of voice technclogy in this application was not as crucial as it was for word
pronunciation in vocabulary instruction, it still adds a different, valuable
dimension to the instructional process.

Word War

The logic behind the increasing ratio review used on Word War (Siegel and
DiBello, 1980) applies to many different rote memorization tasks, not just
vocabulary learning. In the fire commands module it is used to provide
practice in weapon/a unition selection, and in the identification of the name
of threat weapons. For the weapon/ammunition selection routine, the screen
first presents a situation (e.g., T-72 at 1000 meters). Followed by three
answer choices, presented one at a time (e.g., SABOT, HEAT, M-240). The
soldier is instructed to push "GO" when the correct answer appears on the
screen. The Word Wars for threat weapon identification were added when data
from a preliminary field trial indicated that some soldiers had difficulty
readini the text because they did not know, for example, that an SPG-9 is a
recoiliess anti-tank gun.

Picture Battle

In this game-like activity the Tutor's voice system asks a question based

on a picture in the book, and the soldier responds on the keyboard. The
display screen is used to keep score. With each correct answer a "projectile"
formed by the dots on the display screen moves one step from left to right
across the screen. For each incorrect answer an "enemy" projectile moves
across the screen in the opposite direction. The object of the game is to
destroy the enemy target before the enemy destroys you. Hitting the enemy
target is accompanied by sound effects of a shell exploding. For vocabulary
instruction, Picture Battle was used to reinforce an association between the
spoken name of an object and a pictorial representation of the object (e.g.
the Tutor would say "equilibrator" and the solider would find the picture of
an equilibrator), eliminating entirely the need to read anything. Although
fire commands instruction did not require a task with no reading requiremen',
the game-like score keeping features of Picture Battle could still be used to
good advintage. In one implementation, a battlefield scene is pictured and a

situaticn described in the text; when the Tutor's voice asks "Initial Fire
Command" the soldier must select the appropriate fire command for the pictured
situation. Immediate corrective feedback is provided and the appropriate
pro~ectilp advances across the screen, then the soldier is asked to turn to
the next .tlefiPeld scene and the process is repeated.

IF
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* Concl-usions

As an aid to assessment and training of tank comn~ders, the T-utor falls
on a cz.~umbetween traditional paper-based materials and
rnicrocrputer v.,de-disk system:. The Tutor lacks the flexibility and moving
gcaphics capabilities of interactive videodisks, but it is a fraction of the
cost of such systems and is easily portable. Adtnough the Tutor is more
costly than purely paper-based materials, it provides a much more interertjng
and interactive environment for assessment and instruction: soldiers may be
=mediately bianched co more difficult material based on pretest scores,

visual and aud3itory explanatory feedback is provided, drill and practice
exercises in which the item presentation order is varied depending on student
performance are available, and interactions with game-like visual and auditory

scoring features are included. Every training technologry has advantages and
disaivantages, and the hand-held computerized Tutor appears to have a place in
the instructicnal arsenal.
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MICROFORM IN TRAINING

Lieutenant Commarder K Jones, BSc., Royal Navy, Staff of the
Royal Naval School of Educational and Training Technology.

Lieutenant Commander A E Mizen, BPhil(Ed)., Royal Navy,
Staff Officer to Commander in Chief Naval Home Command.

BACKGROUND

1. A major percentage of the technical training of
officers and ratings conducted by Naval Establishments has
traditionally used hard copy Books of Reference (BRs) and

other Technical Publications, supplemented by a series of
professionally made training aids. However, the incteasing
complexity of HM ships has led to a large increase in the
documentation required to operate, maintain and repair ships
equipments and systems such that a modern frigate carries
the eqnivalent of some quarter million A4 pages weighing
some il tons. Microform, having already demonstrated
considerable advantages in many areas, has been chosen as
the most suitable media for more general naval use, and in
particular for technical BRs and publications.
Consequently, for training, the withdrawal of hard copy dKs
and the introduction of microform requires the conversion of
'icroform to readable print with the aid of readers,
projectors and printers.

2. The Royal Naval School of Educational and Training
Technology (RNSETT), and the Royal Naval Submarine School
(RNSMS), werea tasked to identify one or more microform
projectors that could operate under the same conditions and
to the same standards as conventional overhead pco3ectors,
and tnereby enable the establishment of a teaching strategy
for microform in the classroom. (1)

SCOPE OF THE INVESTIGATION

3. This investigation considered:

a. The type if microform projectors available
(forward or rear projection).

b. The applicability of the microform projector
to the classroom environment.

11) I ,,,A i_ t , tio)n into " ) ' -
\ , T t~ iun ~to.lc 'oo,, rru'jector:, .. '~ch 1)b.
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The most appropriate teaching strategy for use
with microform.

. d. The range of subject matter to be taught using
microform.

CLASSROOM ' RIALS

4. TriIIs were conducted, in the classroom environment,
on a range of commercially available microform projectors.

Additionally some desk-top readers wpre also trialled.

5. Each of the projectors was eva2.aated under similar
conditions using an instrt:ctor to give a lesson which was

observed by:U a. A subject matter expert.

b. An Instructional Techniques officer.

c. A Training Design officer.

d. A Quality Control officer.

e. An officer frcm the RNSETT instructional
Techniques (IT) Group.

MICROFORM PROJECTION

6. Forward Projection. Each of taie microform
projectors was evaluated to assess its capability to project
an image onto a screen (as a conventional OHP). In all
cases the image projected was of poor quality and could only
be read by students close to the screen. The edges of the
image were blurred, definition was poor and key-stoning
presented a problem. After a few minutes there was
evidence of eye strain and the instructor found it
increasingly difficult to maintain student concentration.
This was aggravated by thie f'cc that the projectors could
only operate in a darkened room. Used in this mode the
image projected was utiacceptable to both students and
instructor.

7. Rear Projection. At the time -f the trial only one
projector had a rear projection capabiiity. When used with
its A2-size screen it could operate under normal classroom

Vconditions with up to 6 students, comfortably, around the
b scre-n at any one time. In this mode the image was clear

and eye strain no longer appeared to be a problem. However,
the instructor could not teach using the strategy of the
lesson ani a tutorial -tyle had to be adopted.
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3. Compatible Desk-Top Readers. It was found that if a
r-ear [)roJest"on microform projector was to be used in the
classrooa, ;tudents needed desk-top readers for back-up and
consolidation. These readers were operated under the same
conditions as the projector.

APPLICABILITY TO THE CLASSROOM

9. The investigation confirmed that microform projectors
cannot replace the conventional OHP and should not be
Mconsidered as such. However, in the rear projection mode
thev are a nost useful training aid and, in this mode,
rather tian replace the OHP they should be used to
complement it.

LO. The microform projector should be just another
training aid available to the instructor. To be used
siccessfuily, however, class nimbers would have to be

TEACHING STRATEGN"

11. As already indicated the rear projection microform
projector is suitable only for small class teaching and the
tutorial style of instruction would appear to be th, most
appropriate. This may be an entirely new way of teaching
for many instructors. Used in this way the microform
projector has the added advantage that the instructor can
focus the attention of the students onto the material being
presented and as a result have more control of the learning
situation (vwhich could never be guaranteed using hard-copy

publications).

12. Consequently it is clear that teaching from BRs will
no longer be possible, it will be teaching with BRs. Used
correctly, therefore, microform may well improve the quality
of insruction. instructors will require training in the
use of microform in the classroom and the tutorial method.
Properly trained in the correct techniques instructors may
overcome some initial qualms about using microform.

SUBJECT MATTER RANGE

13. Microform projectors enable a number of studen.s
simultaneois access to BR text an I diagrams. It should be

NmembecJ, however, that thesc a-(e photogcaphed paoes and
vs viewgrapns -ic of ' very w-- st type; as such they are
unacceptab .. Dimilirly microform projectors should not be
usiJ to present material that can already be done so by
usin the OtIP and viewgraiph.
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14. The use of microform BRs in training will require the
instr-ctor to direct the atention of students co relevant

,)aqes of BR text and diagra,n3. In this qituation the
instrictor is teaching students how to use the microform BRs
an.3 as uach could be considered a skill. The microform
projector is suited to this task although the quest;Ion of
indexing pages, cross-referencing and the require:.ent to
view more than one page at a time will require careful
.consideration. This Day be alleviated by the use of two

microform projectors. Other aspects of instruction should
be conducted in the traditional manner, emphasising the need
for microform projectors to be able to operate under the
s-,n conditions as other training aids.

FUTURE DEVELOPMENT

15. Microform projectors are being continually irrroved.
Ther_ ar now available larger screen rear projection models
than the one trialled. There has also been an increase in
the number and quality of desk-top readers.

SUMMARY

16. In sum the investigation concluded that:

. a. Microform projectors cannot operate under the
same conditions or to the same standards as the
conventional OHP.

b. Of the microform, projectors evaluated, only
V, the rear projection model could operate

satisfictorily in the classroom environment,

c. To be used successfully microform projectors
must be employed as additional training aids and must
'be able to operate under the same conditions as OHPs

" and other aids.

e r. The microform projector should only be used by
the instructor to direct the attention of students to
the relevant pages of the BR text and diagrams. It
should nor be use~d to present material that is
normally presented by the OHP and viewgr-ph.

e. Used appropridtely, microform projectors
could impr(, e the quality of instruction currently
un,iertakken using har.-copy publications.

TMCA'AX 344
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* ~- icfomshouldl be used to teazh smalL groups
0. Stuilenti : Id i3 MrOCre Suited to the tu.torial mode
of instriction. For many instructors this will be an
3ntli-ely new way of teaching ani they will require
training i-i the use of microform in the classroom.
The RNSPP has already designed an instractional
modil- for 'teaching with microform' as part of their
Instrictional Technimiues Course.

Th-is article_ is Trhe copyvright of the United Kingdom
~ iistr~of Defe:nce 1985.
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Seling job Analysis
Stanley D. Stephenson
School of Business

Southwest Texas State Universitv
San Marcos, Texas 78666

_e ;ob analysis practiticner, the value of ob analysis
y., obvcs. Moreover, the value of job analysis data is

:-..ie ino :roie becoming recognized by others; e. t., witness the
saut various personnel functions that a:c

asec -n :.aving an accurate :ob and/or position descrlpt-on, a

atian that can only occur when detailed position information
:s available. Theie has also been a corresponding increase in
7ne nwmber of books published on the topic of job analysis.

WIth this growing awareness of the value of job analysis
Ja-a, one would expect there to be a general eagerness to engage
in lob analysis projects. However, such is not necessarily the
7ase. When it comes down to releasing the monies to conduct a
:ob analysis (and a job analysis can be expensive), many
-anagers tail to grasp the overall value oF job analysis and
el'ect to spend their funds on projects that are more immediate,
.nd perhaps better understcod.

The primary problem is that those who truly want the job
inalysis done (e. g., the trainers, the job evaluators, etc) are
not the ones who control the funds; i. e., the manager. On the
other hand, the outside consultants, who are contacted to submit
proposals to perform a job analysis, initially talk primarily
with those who want the work done and not with the managers.
However, when it appears that funds are not to be forthcoming,
those desiring the pro3ect will often arrange a meeting between
,heir manager and the job analysis consultants. Although the
mceting is advertised as a meeting of three groups (the manager,
tne lob analysts, and those wanting the project), the meeting
'ften turns out to be a direct discussion between the consultants
ind the manager whom they have only recently met. Moreover, the
,?{nqer, since he or she has already indicated that funds may not

x. '1aTle for the project, will be somewhat defensive and will
r'' e:e-t-d a barrier to counter what is anticipated to be a

- ionfj sales pitch. It soon becomes apparent that support from
thr:d party in the meeting (i. e., those who want the

:.;ect ) is non-exirtent; these individuals are hoping that some-
hng (which will nc< iarm their careers within the organization)
. happen to change their manager's mind. Consequently, the

analysts not only have to overcome a negative predisposition
'he pait of the manager, they also have to do it alone.
:he inderlying problem is that managers usually have but a

.i ted grasp of the value of job analyst data. For instance,
,T, ,ay know about its value in designing a training program

11 ne unitnformed about its usefulness in designing a performance
.... ia-,icn system. Such a situation can be easily understood

n :t as remembered that usaall, one firiction within personnel
iaining is doing the pulshing behind the job analysis request.

i vews are presented to the manager, and these views become
'he sole basis for t-he nanager's perceptions of the value of job
;:i'ys data. Consequently, the overwhelming objective foi any
: ni yct makinq a sates pitch :s to break these preconceived

,!



%..t urz limited notions and to make L.he manager aware of the tremen-
.ous wealth of information that is available from the collection

,f 7ob analysis data. Once a manager realizes the indispensable
and varied aid that job analysis data can be to the organization,
the manager may be more willing to release funds for the project.

This paper briefly re-iews the variety of ways in which job
i'.alysis data can be of use to an organization. These uses will
.e discussed with regard to both military and non-military
.''ganizatns. Next, a suggested approach for expanding an
S .rcanization's awareness of the value of job analysis data will
.c demonstrated using actual data.

Uses of Job Analysis Data
Job analysis data are useful in the broad areas of selection,

tiaininq, production, performance evaluation, promotion, com-
pensation, termination, and termination/retirement. These areas
will discussed in the following sections. Not initially obvious
military applications will be highlighted.
Selection

k "Job analysis data allows a detailed job description to be
.repared. Such a description is essen a .to the proper hiring
of new employees; if the nature of the job is not known, how can
a good hiring decision be made? For instance, research has
shown that realistic job previews (RJP) are beneficial in terms
of initial hiring and retention: job analysis data lends itself
to the preparing of RJPs.

Managers in the military do hire/select personnel to come
into their units. In fact many military managers spend consid-
erable time reviewing the files of military personnel. Moreover,

m-,Iitary managers go through Lengthy interview sessions to hirecivilian replacements. The military manager's decision would be. ]/ (] reatly enhanced if he or she spend as much time coming to grips

with the nature of the job being filled as with the nature of the
applicant. However, such information is frequently lacking. and
therefore managers spend their time on information that is
,c"ailable; e. g., applicants' personnel folders.

Training can have several purposes. First, it can be used to
oiepare an individual for entry into the work force. Second, it

:an be used to maintain proficiency. Third, it can be used to
41-iepaie an individual for advancement. In all cases, knowing the

iob that is currently being done and/or the job to which an indi-
"idual aspires are crucial to designing and implementing a good
training program.

Most military managers realize the first two purposes listed
'bove. However, many managers do not give proper emphasis to
r parlng their personnel for advancement, often because the
'ext" ]ob is not understood. Related to this discussion of
training is the concept of backup capability. A good manager
-.sures that his personnel have the capability to backup key per-
L, onneI duing periods of illness, vacation, etc. Job analysis
ata can provide a basis for determining which other position in
tne organization as the most likely candidate for the backup

,, -" function. Coming to grips with Che concepts of both advancement

S iid backup also permits the military manager to better understand
WM y' progression, and in the lo.ig term the r,,anacer is better able
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mprove the morale and productivity of his workers.

Pioduction

Job analysis data can permit the manager to improve pro-
ct:vity in two, general ways. First, it can possibly isolate

the dIfferences in task performance of high performers versus low
pe tolmers. Second, it can provide a picture of how the entire
w: force "firs" together; i. e., identify the gaps or overlaps
i: iccompishing the assigned mission. A military manager could
-'i.& mach better work design decisions with job analysis data

',Us :having to rely on direct observations alone.
.'efcimance Evaluation, Promotion, and Compensation

These three factors are directly linked. First, performance
,,ust be evaluated. Obviously, a proper evaluation can not be
iccomplished without knowing the details of the job, yet research
nas frequently shown that supervisors do not know the details of
their subordinates work. Second, promotion is a direct end
pioduct of merging the performance in a current job and a
k.now-edge of the next higher level job.

The subtleties of the military promotion system are well
-:<wn m mJilitary manager who understands the job in question,

and has a feel for the best next assignment, is in a much better
~s~t ton to aid his or her subordinates in terms of job progress-
r)n which in the military directly relates to promotion.

C--mpensation is a direct function of logically tying salary
to worth to the organization; i. e., a classification procedure.
Thc basic method for doing this is to conduct a job evaluation.
The need for job analysis data as the basis for any job
evaluation is well documented, and most civilian managers are
aware of this fact. However, although informal job evaluation
loes occur, compensation issues do not appear to be a relevant
issue for the military.

This brief review demonstrates that job analysis data really
* s an organization-wide management tool and not just a specific
pelsonnel tool. Other aspects not discussed are morale, affirm-
it-'e action, comparable worth, labor negotiations, and legal
J,11fs ln general; job analysis data are also of benefit in

h eateas.
"lhe bottom line is that when job analysts meet with a

'-trnaocei, he/she needs to be showi how job analysis data can be
'fK in a larger context than originally thought. It is the
D'g" picture that will convince a manager that a job analysis

v1 :cct should De funded. Once a project is funded, of course,
!Lv specific goals of different personnel/ training functions
.-!i also be met.

The above argument should not be dismissed as being appro-
',it( -ust for the non-military audience The military manager

.L ( many similarities with his civilian counterpart. Both
"'i qs have a vested Lnterest in morale, productivity, training,

Moreover, with a steady trend toward converting military to
1" ,an positior, military managers are increasing becoming
n- ived with managing a civilian work force. Consequently, many
f Le points made in this paper apply o military as well. as

2' -'lan managers.
increasing Job Analysis Awareness;

An Applied Example
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Rorntya -ob analysis was done of cleroczal workvers em-
yedbya smail stare agency Ln Texas;Salintessen:

nero ez only 10clerocal positions surveyed. Job tittes e
:C'Cerk, Roceptionist, Clerk, Secretary HII, Secretaiy I!,
=eo~ary Iand 3Cfflce Services Supcrvisor. This smiall g iou, p

.>orta -cs-tions nas become very useful in demonstiatn C
*~': : ,:,to analysis can be used in a vaieto ways.

F . :r e eonq w i h hec m a raa em e nt o f a dif1F ere n t i a,:
y t- i e clr I c a I a sk inv entoy 4S s'entZ :.

ote inventory is processed, and tne _res'ot s

l:~:o~aed to the "Thopulat-1on' of 1- workers desciibed In he
1 t~g :,a~agraph. Exmlsof the utillty of rob analysos

a ae democnstrat ed and discussed with management. An illus- -

cho.. this procedure actually works is presented below.
tn-s case, the inventory was completed by a o ncumb-ent

J in a posioon wi.th the title of Ad-ministrative Secretlry
imcn t arget Ciganization. Task responses produced the

Table 1
:ask Cl uster Percent Time Spent Results

.-is Cluster (Duty) Percent Time Spent
tten Communications 15.12

*eibal Communications 14.40
>~: oution17.28

Sna nc ia 1 3 .60

'se of off ice machines 3 .60
Picooess general paperwork 0.7/2

Typing15.12
ranagement Assistance 1.44
:Is, Cllancous 3.60
~fface Management 11.32

%l~s anagement 0.72
7pecoai - Custo:mer Service 0.72
pecial - Dictation 0 .7 2
Zpeclat - Notary Public 3 .60

-,vi"sion 0.72
Total 100.08

:.csc 1ros'11s C:ould issist management in all of the areas
'- lie Ho-iowee, T have found that in a selling

a n'r ~e is ike toc be shown how jo-b analysis data can b e
y S( J. Cronsequently.r, f,-)2 the pur-pose of this pape(r,

-;aese-s a-, hoghlog.hted: backup capability and

o-*rimmo~ae~yinform a manager w-.hether o'r
Vj c-,: " 1' I~ iIt (cS rcan be met when he 'she is,

F~~ ~ si a-,ks.;~~o pzo< o-rmed wihthe hypo-

'*~ h,'' N



:.,t ca ) population -eveals that f: the most part -h s .cw.e: 's
:es -.an e covered by other wcrkers should he or se be

]srnt n some task cluster areas, multiple coverage as
.<a:.' =.aboe; :. e., more that one other position is performing the

:ent:ta I tasks. Such a situation is convenient for it allows a
.effi:ently spread tne workload should the wor.er _n

i.estitn be absent. The ma~or selling point, however, is that a
"a:a~e: would -know exactly where to turn to insure that an absent-
":e:'s toral :esponsibiities are :o:vered.

oe dctaile analysis reveals that the worker -n ques- -
o:'-s some unique tasks. Tn this case, specific task coverage

"a" a be aralyzed; analysis results are presented in Table 2

Table 2
Specific Administrative Secretary
Task Coverage by Other Positions

-ask Covered by:
-"t Administrative Material Sec II, Supervisor
q-Ite Draft Minutes Supervisor
.,swer inquiries Supervisor
D:aft Communications Clerk, Sec III
Process Payment Voucheis Clerk
Acknowledge Invitations Sec III, Receptionist
Conduct Tours NOT COVERED
Transcribe Dictation Receptionist
Perform Notary Public Duties Sec III

Obviously no one other worker can cover these unique and/or
--,*,-a tasks. Simply put, a manager would have to delegate
'ese tasks to different workers in order to have the work accom-
:ilshed. Interestingly, for some tasks the best coverage is

-':ded by a Clerk while for others coverage is provided by an
'fiv'e Selvices Supervisor. -0 importantly, there is no one in
i :s population who presently conducts cours. This one piece of
-nf, unation should forewarn a manager about a possible lack of

,oveiage shou'd a key worker be absent. Such information would
1)e [nrceived as being very useful by any manager.
Taanrn for Advancement

Good managers always look out for their employees, even to
__:e point of insuring that they are prepared for advancement.
i) analysis data permits managers to immediately determine the

., .ills needed to perform at a higher job level. For instance, in
,no example being used, the position in question (Administrative
....etar) would be equivalent to a Secretary II or Secretary ITI
nte ')mpaiison population. This compaiison was based on a
• r-, i: ty of tasks performed analysis. The next higher job in

S pi ,tn would be Office Services Supervisor. Table 3
t s a summary of the major time spent differences between

,,esen: psrton and the next higher position.
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Table 3
Percent Time Spent Differences

Off~ce Services Supervisor Versus Administrative Secretary

:ask Cluster (Duty) Percent Time Spent
Administrative Office Services

Secretary SupervIsor
,tten Comnunications 15.12 1.01

Veiha! CorNimnacations 14.40 4.28
Distiibution 17.28 3.52
Educatlon'Training 0.00 4.03
Financial 3.60 0.75
General Filina 3.60 0. 50
Use of office machines 3.60 1.51
Process general paperwork 0.72 1.01
Typing 15.12 6.55
Management Assistance 1.44 7.78
Miscellaneous 3.60 2.51
Office Management 11.52 18.86

*Plan:Organize 0.00 8.55
Forms Management 0.72 8.79
Social 3.60 4.47
Special - Customer Service 0.72 0.75
Special - Dictation 0.72 0.00
Special - Notary Public 3.6Q 0.00

* Supervision 0.70 20.87

Other:
Review/prepare documents 1.76
Assist in posting payroll 1.26
Retrieve stored information 1.51

Total 100.08 99.56
* Skills not used in the present position but used in the
higher level position.

These results highlight the skills that the administrative
,.cretary should be acquiring while still in his/her present
:,osition. Then when an opening occurs, the individual would have
tne necessary training record to compete for the new position.
However, unless someone is aware of the differences between the
two positions, a proper on-the-job training program can not be
('-eated. Job analysis data is that awareness.

These two examples, backup capability and advancement, illus-
trate how job analysis data can be put to immediate use by mana-
gement. Similar examples of how the same data could be used in
the other areas discussed earlier could be presented. For in-
stance, a very realistic, realistic job preview could be quickly
ind accurately created if job analysis data were available. But,
the point being made is that job analysis data is not just for
training, not just for creating job description, not 3ust for
.onducting job evaluation, etc. Job analysis data is for
managers to use in a wide variety of ways. The better you able
to deliver this message, the better will be your chances of
having the job analysis program accepted. The approach outlined
here will help you do just that.
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LINKING WORK, TRAINING, AND PROMOFION IN THE COAST GUARD

Karen N. Jones and John A. Burt
U. S. Coast Guard Institute, Oklahoma City, Oklahoma

The Coast Guard has begun correcting a long-standing problem in its
enlisted personnel system -- the mismatch between the work performed by Coast

Guard personnel and the content of our training courses and promotion
examinations. This mismatch was caused by the lack of an accurate description

of the work performed by Coast Guard enlisted personnel.

The work performed by enlisted personnel is described by the enlisted
qualifications for advancement (quals). The quals are a series of
occupational duty statements describing the jobs performed in each rating (job
occupation) at each paygrade. The quals are the basis for the Coast Guard's
promotion examinations and rating-specific training. As the primary user of
the quals, the training community was aware the quals for many ratings were
incomplete and out-of-date. However, the training community did not have the
responsibility and authority to correct the problem --- the rating manager has
the respoasibility for ensuring the quals reflect the minimum occupational

standards currently required for the rating.

The rating manager (called rating program manager or program manager in
the Coast Guard) for each rating is in tae headquarters office responsible for
managing the operational program or programs that rating supports. For

example, the rating manager for Machinery Technician 's in the Office of
Engineering. In most instances, a general duty officer is assigned the
responsibility for managing a rating or group of ratings as a collateral duty.
Since these officers are usually generalists, they often do not have prior
training and experience in agency-wide personnel management. In addition, a
large established personnel research and develovient support system (e.g., an
on-going occupational analysis program) is not available to assist them.

In 1983, the training community, in conjunction with the rating managers,

started a project to correct the mismatch between the work performed by Coast
Guard enlisted personnel and the content of the quals, promotion examinations,
and training courses. The vehicle chosen to correct the problem was
improvement of the promotion examinations (called servicewide examinations
within the Coast Guard) which are administered to all eligible enlisted
personnel as a part of the promotion competition.

The promotion examinations are designed to test the job knowledge
required by personnel in each ratiag. With the wide diversity of jobs and
types of duty stations within each rating, It is feasible to test only a
sample of the job knowledge required in a rating. Therefore, identification
of whnt should be tested on an examination is very important. Historically,
the content of each examination has been selected by a single subject matter

specialist who develops the examination based upon his experience and
V -aperception of what was crItical job knowledge for the personnel in that

rating. After the Coast Guard changed the promotion examinations to pass/fail
examinations, it became even more important to identify the knowledges for
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i. ec r r Ling W h ictn shno ulI be te St,- on the promOtLion eXaminatiL3ons and the
*knowledges which shouldt be o-riitted. In this project these knowledges were

iL .tifie. -y a panel ot subjiect matter speciillsts who prioritized the quals
for testing on eich rating's promotion examinatio>n at eaizh paygrade.

Prio)ritiZatLion of tne quals was 'esignied to enable the Coast Guird to
i c .i eve t hrete goa Is:

L-renc tten "ne linK be tw.!en the Colltcn t of the promotion
e xaiina ti1on s a nd the worK per forined by Coast G ua3rd enlisted
tpersonnelI

)&vep jn acuit esc rip t ion of the work perto.rmned.

Deve lop promot1,ion exanin ition s aind tra in ing courses re flec ting' the
i :cur3Le J- scr ip tion ot the worK pe-rtor.mel .

Pr iOritLiZing the 4UI is would stLreng1then the linK between the content of the
promnotion exi-ninliions ind tne work performed. Since meaningful quals were

r'3re t0 cc a n Ipri c z v i , we in.corporated re v iew and

revision of tnQ quails as 3 p-irt of the proce ss. This review and revision of
the quais wouldl .na blIe thLe ratLing managers to begin developing, an accurateI
dlescription of the work performed (i.e., to revise the 4ualsj. Existenze of
the revite1 ul1 woull' then, ornaole the trainingv community to deielop courses

indexm n iLinsre flec tin,, the ac tualI work pe rf ormed .

PRUC:EDURE

LDur n-; and 1 p 4 pinelIs of subjec t ma tte r speciali11stLs in 2 5 ra tings
met for one weeK each to review, revise, and prioritize their quals. At the
s ta rt L f the pl inn ing for ea ch pa nelI, thle ri ting manager provided a
re pre sen tatLi ve for the panel ImeetLin-, nd -telectLed three subjec t ma tter
speciL i s t.; t roi thle field. I n addition to the r-3ting manager's
re pre sen tit i ve in-I ttnc three Subject mnatter specialists from the field, thle
t ol1io w i ag pe rs on n,!l w r e on eaic h p in el: one s,;bjectL ma tter specialist from
the resident school , t le Institute's subject matter specialist (who developed

*thec p r o-ot io n e xa iina t i ons ind no-inr vs id e nt Courses), and a f a c1iitator .
W Ith !n the p ieli stLruc ture , the pro E: m m ngr'Is re pre sen LatLive cha ired the
mee t i r-; mnAi prov lied po Ii icy ;u i 1iance , the subjec t ma t te r specIil i s t, prov ided
the r itLing-spec itIic sub jec t it tter exper t ise , arnd thle facil1i L tor provided
to sti iig/t r iin iri; e!xpe rte.

olnee the r e is wiac diversity within eich riting, thle subj-c t irn-i tter
specia i i,,ts were c tretil ly se lectLed to ensure broaid cover ige of each ratLing.
Also, cil torts were ma le to include both junior iaid senior personnel so input
f r om pe rsonnelI ic tualIlIy do in,; the wo rk today -YWO UlId be i v i lablIe . The products
rducd by t1n0 pine1 1 S the1re f o ore I40 1 tel fI,?, t )th tie b roadI r inge of

exper len. e possesse1 bysao perisonnelI in i t he -urren t working knowledge of
L he I i r. t- I ine supe rv i sors
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Elcr-i pinel e -lua teai eac.n qual for currency a-nd 'ivqIC5 aS written,
rec~ane rev 'iku0S LO individual quals, dr iftea or reovedade, 2lopmen t
o: idJJitioni I q~ua ls, and evalua ted the adequit- of ti. 'ins \or Content areas'
o I the q u Als. f he n the pa nelI priori tized each qual for teSting; on eacni
piyg;ride'z: prix-,otion examination. In this prioritization, the panel assignedl
one -t trne following evaluations to each qual at eacni applicable paygrade:

essentialto- tne rating, (,2) necessary to tne raingo )ehnigt

t he r i t in r). . .- i the panel recolimended te-sting; emphasis for e-ich examina tion,
e eu It' to L, numbe.7 of t ue st ionz,, to r e Acin s!c ti on 0ot the 4 U IIS.

1 nro,.,iouL tt.e p,)rcess, the panel memibers were encouraged to identify probleMs
e rc,- -ii solutions t,, the pr~gr i- manager ind triihni-'b commnunity.

SW ) re por ts orl eich panelI' s evaluations and r e c)mme nda tio ns we re
* )reparl -- o~l for theInsti tu te ind one for the, r it ian aagr4herpr

t. the In,,t tu te wa s de signied to mee t the pro JeCtL'S t i rs go0l:

>tre n t he n tme I inr K e twee-n the content of the p r,)-ootI on
--x minitLions Ani the wo rK pe r formed by Coast Gua rd enIiStLed
personnel.

-.C L t r L ,r nc: _ntuC ContaIned th e p r i0ritz I ton o3 tn 2 ind IidU alI
pIa Is fr tes ting on eacni paygrade's promotion examination. Since this report
contained testing gu,'ellnes which coulJ be misinterpreted by personnel in the
fiell, it was not given wide distribution.

ine re2port to tae riting ma3nager was dlesigned to help the rating m3nager
~'et t,-.t seC Ond Joal:

le-velop in accurate description of the work performed.

!he ra ting, n anager's report containeJ the problems identified by the panels,
ttl pro)posQJ solutim)s, the over-ill evaluation of each section ofl the quals,
3nd' the recxr-,,mendaticns for testing emphasis on each paygrale's promotion
eami Ltion . .rc re portL alIso con tiined the panelI'Is eva lat ion o f the currency

and adequacy o f individual quals, recommended action for each qual (i.e.,
retLin a s rimten, revise, or de le te) and recommendations for addi tional
u a Is.

!MPA',f uF PRoJECI

tie pr,) 3ekt' s r irstL goa has been achieved and the Coaist Guird is aorking
tuw ird, ichievii,; the others. rhe panets prioriLized the quils ind thus
,Ltren,,,then-l th~e link be tween the con tent of the promo tiori exaimina tions and
thte or r pr I ourie]I. The r itin,, manag~,e r s a re re v Ie w ing t he paneIs'
rec dJ-flenl'it ons, in i many of thea, hive ailre-idy revised the qual Is thus prov iding,
thet k")I - t , u ird LitN in a c,:u rate de sc r iptLion o f the w-ork pe r formed . As
re v is(- I( quil,, be come a vila bIe, t he t r a inng commun Ity is revising t he
t raii n ing cu r es andI prumo t ion exaIm inatt ions to reflect this a-curi Le
deScriptLion oi thes work performied by Coist Guard enlisted personnel.
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Inere h. ve been other rangible anid intanglole benefits as a result of
t his project. For example, as expecteJ the subject matter specialists who

eveI lop the pronotion examina tions agreed the prioritizations and testin1g
e Tiphasis retlectel the work performed. dowever, a surprise benefit was
unsolicited comments from t.e field tnat "the tests were testing what they
should be testing." rhese comments indicated the strengthened link between
the content ot tne e'aninations and the work performed had been established to
in e\teat where it could be noticed by personnel who were not aware of our
epforts to improve the promotion examinations.

Another result was several rating managers using the panels as an
opp rtunity to get .dditionail information. For example:

Some rating managers used the panels to refine proposed quals.

one ratingo mariager adapted the panel meeting to include extra subject
nItter specialists and an extra task -- generation of a task list tor
an occupational analysis.

Since the rating manageri were involved in planning and conducting the
pnels, -,ost of them were ready to implement the panels' recommendations upon

receipt ot tne formal report. For many ratings, the panels were able to
provi,,e the information needed for the rating maager to revise the quals so

additional work was not required. In other cases, additional work was
required and the rating fndnagers haye been coordinating and funding the work.

Examples of this work include:

Occupitionil anilyses using task lists generated by subject matter

spec.alists.

Follow-up panel meeting to refine the quils revised by this
project's panel and assist the rating manager perform long-range
plinning for the rating.

lop-down otcupitionai anilysis of ill functions performed at Captain
ot the Port ind 'ar ine Safety offices in enforcing laws,
rQuIi t ions, and Coast Guard po Iicy.

The ra tinig managers are reviewing the problems identified by the panels
I I the p i nls' recommen(Iitions. Some of the problems identified have already
tOeflcorrected. hor example, In one rating tie personnel did not have access

L) l1 I of the tanuals needed to prepare tor the promotion examinations.
within f few months, the rating manager had compiled, printed, and distributed
in informal publ icItion with extr'c ts from the rolevant manuals.

ither ,In,1ibIe md intangible benefits are continually appearing. As
m en tioned previloulsly, the field is beginning to perceive the strengthened link

between the content ot the promotion examinations and the work performed. The
impict of other intaiible benefits (e.g., increased coordination between the
resident and nonresident school and grea ter understanding of the

testing/ tr iin system) are expected to become apparent over time.
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RECOMMENDA[IONS FUR SIMILAR PkiJELTS

As -a result of this projec t, we have several observa Lions and

r , ,- r, endations which can be usef'i in planning and conductine ,hls type of
project within the Coast Guard or in other organizations.

P,3neL pr..-edures and ma terIals. Keep your ins truc tions, procedures,

definitions, etc. simple. Get the information to the panel members as soon as
pussibie t- illow sufficient time tor them to review thc panel materials.

tjur nit doir, this was the major complaint voiced by tie panels.) Word all

written 'aterial.; in terms which are familiar to the reader. This may require

dtferent documents for different groups of people (e.g., management or

subject maictr specialists), but it will save time at the panel meeting and
improve the caliber of the products produced. Consider whether or not it is

necessary to specity everytning in the instructions. We allowed some degree

ot flexibility fit our panels and they had little trouble using the procedures
,.)d rof;,nr1 the procedures and defnItlons to mcet the needs of the ir

indivi,ual ratin gs.

>ubject matter specialists' perceptions. The subject matter specialists

stated the project was exceptionally worthwhile and should be repeated, Their

priary CU'iLeL was that maniagement would not listen to them -- that t,. ir
rpcom 'a onda Lions would "get lost" in the system. This concecn was handled by
assuring them a formal report would be sent to the rating manager. After

completion of the panel meetings, an area of frustration was the slowness in
implementing the recommended revisions to the quals. If you anticipate a

similir problem, minimize the frustration 3t the beginning by explaining how
l)ng it shoull Lake to rmplement the recommendations and why (e.g., the quals

fana- is revised infiequently and actual printing takes months). In
iJdition, be 3ware of problems or projects which may iateract with the panel's
work. As might be expected, when we incorporated previous work or

considerition of current p,oblems in the rating lato the agenda for the panel

meeting, the p..nel members were more motivated than when previous work (e.g.,
prpcsei changes L tU;ie qualIs) or current problems were not included.

Limitations of tiie process. We did tind limits to the process in terms of the

ty,)e ot quils the subject matter specialists could develop. Sometimes the

subject matter specialists had difficulty generalizing across different

situArions. one ot the most common responses was: "it varies from unit to

unit, Jistrict to district, etc." This problem was particularly pronounced
wnei. the piaels tried to dtvelop quals at the E-7 through E-9 levels. At

these levels (oast Guard enlisted personnel dr! moving from positions with

technicl emph sis to positions where leadership and management skills are

empha sized. ihc problem we found may be limited to organizations similar to
the Coast 'uird where duties for a group of people are unit- or even billet-

specific.

FaciliLtor. Most of our panel members were selected because of their

position (e.g., lnstitute's subject matter specialist) or rating-specific
experien, e. [he exception to this was the facilitator who could be selected

based upon o tter factors. For this project, the facilitator needed

3 6 -
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ln t e rv iw di: skills similar to) tne skill-, required of j job analyst to: apply
inter viewin., s k i Lls in a group setting; obtA in , summarize, a na recori the
cosensu o th panel on revisions, recommnendations, -nd e Ltn; and

ensure participation frO'm 31l panel members. It was 31 so use ful for thle
f ic 1i i to r to be f amil1i ir witLh the pe r sonniel1 sy~tem, the project's Durpose,

~n he rel ItLionship bc tween the prodiocts the panel produced and, the personnel
% ~~SYvS tenTI. InP tho0S c- ins Lances where We knew the tao illi L ors migu't not hive this

type of j~oiie e were 'able to provide the necessary informatIion in a
5hort orientition ste-s s ion .

Fol lowup . we ire in the last pirt o1 the third yeir on this project. Lur ing
t he t ime re'1u ir e f or this type o f project, you can expect c ha nge s I n

L) rti, falnaipronl Ihese chainges do not have to stop the
pra)jet or s top followup ic tiv ities . rhe Coa st Gua rd Mas hli 1ed t hes e
chings by incre asedJ coord inn cion be tween the ratLing, maniger -and the tral ining
co -iiu n ity and amon-g the members of the training community. This has been very

i apo rtLint si1n ce the r ate o t c hang1 ,e in the q ~lrIs (and thus chla nge s i n our
ex i i nitLions and courses) i s nLCh higher than it was a few years ago. To make
i t e is ier for- your or,,, n iza tion , we retcommend hiaving one projectL coordina tor
throug;hout the project or, if that is not feasible, mainta3in clear and concise
ioc uitn tti on to e ase t ne tr InS Itoin a Cr uS bP perUILaoe.

V
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7\rr -w' -a'p e in' exe oh , ncun-bentc -t!d -upervi &,r/manaers in the

'' ti' ':" ",": n I-: ,trm- ; t3ii 0 r.icke.d Vehicle Repairer); 91C

, ' k., i t n it Iu-rl'' cDoc i i "t ; 5i ( i I itarv Pol ice ; and 12P
-"h w- , -; o Iect4k'! !or this Stu'Av primarily because

d. . . ,:rnt tp.,,s (,, work performed by U.S. Armv enlier,.,,

I, I r. ("I t ,' kr' , c I TT ("m1)-e: nerformivtnz each task and average

t r i n ,' ver e.-rmn c ts 1t- ( mprising the f irst two TI)

r) tk- 1k,: 1ncu1,et h d n t e,e ' Ihe ,veraizP percent o

-. ' 1-ber, . V,-d o r a 7-p('it KeIative Time spe rt scale

' " rv pc k, v ra)e to I (Very much above average).

t! , --, , ., i,- ,, b t,,t rate,; the t,,tal amount of time sper t

k. in :i- 1 er pre-,,t ,',, relat ' e to the time l,e/she spe nd q

v xerv or .t

, r wh , iiti', re provided 1,, superviserv/-
• '* . ..-r ," I '., " e ,' o~er,; (V,( "s) In each of these MOS, mav be

-, Iunmt o er-plasi tlat -hould be given to each taqk

teqn~ 1: - , type o' -vstematlc tr,iing, e. ., formal training school,

,-rvis ''T -t I- , q *,,iring . Tht .scale u ,ed rangeq trom "1" (Verv low
5*, , t, '' ',,* r%, i h epL i'). k, r';ponqe to a task by raters (a value

1, 0, 0- t o u " t i'! I Ct i '5 o t t ' . and wias included in the

I!ut It i 0" , T' '',I I "aluIe. per task.

t'l I> - 'e ir1g cit iltnt' relects the amount of t me required to

o TI', tk, ,,. r: ,r- the ra.k satist ictori lv. Ihe more time required, the higher

c earning i: I cu I' '. 'Tbe -cale use. ronges frnm "I" (Extremely low learning

, .u " .. reme I v hi ph Ie r-' i ',g d fI f t i c lu I t v-

.il - I v tacter io tso to i '' t- ed or identifying tasks

* ,-, I.'ll t, ,,,I, perfeimarice, when needed, even f they ate s !Pdom performed.

he c qI i cP o t nadequat e per ormance : certain ta 'ks could result in

i 1 e I -, peroP Tf , les, ci life, or dam,,:e to equipment. The scale used
r ree- r, n "" ( F:'t reme 1v l consenuence - negl igibl e effect on

(11p 1e , I nment /I- .in ) to "/" (Fxt rme'v i Rh con sequence - may result in

S iurv /,iP li zt, s I LuI (I wave to equipment, or -ai lure to accompl I h critical

, - Ta r) I" rlv ToI leri e relate- to how much dlav can be

toleralted tetweer , te e time the need for t 1, pert ormance necome evident and tho

r-, that ac pere - tormdino beg in,. The .kale used rarges from "I" (Extremely
! - theit virtualv no reqii *ment that 11, individual be Ale to perform

the t ,,I rI ,T el') t1 .1 (t xtrerelv hig'h - x.' indiviiu' il must be able to

',,I I ,)r t. , t t . vitv Irlme(liat elv whenever i , eic ountered)

(a (' - 1h)1 tttr relate- :e insuring that training is given in

the'o'e ent ,! ~l e o4 4 lll in vh ch B/h incumbentI ,  frequent lv peI Corm poor>.

It ,; a~-umed tl,,it t or anv iob, ome ta,,, !re more diiiiult to .ctemPliRh than

kthers. lte rigl ,,'jt ratings ''n this f. c , t wo uld rel ect tile mo t poorl\

p er!o rt(I tck. te "c,ale u1 d ,ge! fror, "I" (Never performed) to "7" (Very

I ll"nt 1 i lenItI t erformed
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1)) IX. Tli-s factf r isassociated with the int~erval of t .me between
tiIOf t' -ning and thle first performance of lie task en, thle Job. The

-<r 'i 17 r>~e from "1" (Xover perrorme-d) to (In Tit ial lv performed
r! oriths. I, ter Advanced Individual Training)

- '1A ic ctor re Iat es t o the frequency wi th wh ich task(- a1re
-~r~ h ~'m~et v range,; from "I" (Ver% sel~dom) to 7" (Verv

lorCi sllllet~I prsnne (obincumbents) in~ 7~

rhe-,e Li "((; clow: (I" M0, 11B 124 s],ll level I correspondiing

1-3 nd oc 613 332(skll level 1); (3) MOS

(-L1 11 level 1); MO) 915 4B - '2 (skill level I; and (6) IM05 I 2B - 87/9
(, '.I le I ). ' 711,iimber o! raters; by MOS for each of tht. seven TF ranged as

Iws () MOS, lbI - ')6 f or (OIP to 1014 for IM.; (2) MO0S 63H - 28 for C0iP to
tr -F; and (0 10 IOS 91IC - 31 for TDT to 43 for P14'; (4) >105 76Y - ?9 f I('OIP

r R F; (5) MrS 95h - W) for F1 to 95 for !IX; and (6) >105 IVP, - 19 f or
T, 'Ifr~ and 1"'.

I e ompre'ienqive (Occuational Data Analysis Programs (CODAP) were used to
1i 1T daito files for the six '!O coiis-*stinc of computed mean values of tihe inle
-,r eaich td& k inl the MG'S quest ioninai res. Thie Stat ist ical Package for the

4rc a S'cences S;~ S was then iisC( for each MOS. To examine thle degree of
lOUt z- corre iat .(,7 among the nine T F, a P'earson correlation coef fic ient matrix

'~ageeraeci~ l owed r, f actor anal,.sis witn vorimax rotation of tne principal
Ilctro r~ loc determie which factors couldi bec't descriminate "critical" tasks
I. nt ,lon- cri t ical " tasks, step-wise discriminant function ainalysis was

~ti i , . Fo-r this latter anal\ sis, only the seve71 TF based on ratings provided
q. enior -upervisar'. /man--geri.j I personnel were examined. This was due to the

ai't that the ',enior raters, who could liave responded to each task in thle
qusto'-,a ire focr cea hl of the svven rating 'II', theoretical lv woul d have at tached

groeirer imp4--tance to each "critical" task impicting on successful mission
pc r'ance. O'n thle othepr hand, job incumbents would hav responded, byv

direcrior,, ('nlv, to those tasks which they had performed or I.ad beem trained to
perfor in i thei r u:rent dut v posit ion. Also, regard less of the outcome of this
;tud , tle two [F -N.,ti ned from ioll i nctmben t would ' cont inue to he collec ted

oreai~ r. it he siv'I ('onve rs.e v , focus ing onl thle seven TF rated byv
-_rir per. ,i-rnel would facilitatc reductioni of the number of factors which
tlinen (level'ipmitA't personnel nvtd t- examine for "'critical" task selection.

\. I F Re I iabi Iit tv. To de tert-I ie Iriterni! ons i ;tencv of the data, two
pJo rtel m.i lit% ..i'e2 ficierts were computed for each of thie seven rF for

te lie ,Iv IdtV i ned frena senior ratter-: (1) t lie average i nt er-ra ter
rel jalhi I I! I a sinlg: ra ter Itr(I-; and ( t the stepped up re fail irv

eIII I I I! ! (- 1ect IT1g (lie ove ra I l pi cp o f ri t emis I r a part icuilar TF (rkk)
i'ener I I, tie Hl I value" were mod.erate whi Ife th- rkk value,, were consi',tentlv

high ai' all thiee, .Wi thi resliect to Mr'S I 'P. the 'I 1va'lkues ran1ged from
)0 fI-j ('(Ill' mod( l1i1 to .19 for fV,; thie rlkk values tanged from .91 for ('07" to
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TABLE I - INTFR-C'RRELAY1O"': YATRICES FOR MOS LIB, 63P AND 91C

.IOS I ! F

TE LD COIP TDT PDF TIM RF %Do AVG 7 TIME

T: 1.0 --.45 .8I .78 .86 .91 .77 .86 .76
1.0 -.25 -.35 -.43 -.58 -.39 -.57 -. 55

_ _.0 .90 .$6 .79 .81 .64 .61
TDT 1.0 .97 .34 .92 .65 <}8
rP 1.0 .92 .q4 .76 .76
1-T  1.0 .84 .91 .87
7' 1.0 .67 .71

Do i.0 .94
AV', TF 1.0

MOS 6311

TY I D COIl, TDT PDF IM RF %Do AVG % TIMF

TF 1.0 .6F .77 .84 .90 .76 .87 .62 .59
ii 1.0 .73 .84 .67 .36 .82 .13 .22
coil 1.0 .75 .S0 .57 .81 .36 .38
T 1.0 .82 .56 .90 .37 .42
PDF 1.0 .75 .87 .56 .56

1.0 .66 .79 .75
RE 1.0 .44 .49

1Do .0 .94
Av 7 TIME 1.0

MOS 91C

TE I)D COIP TDT PDF TM RF 7Do AVG % TIME

ii: 1.0 -.27 .27 .8? .73 .78 .76 .83 .76
ID 1.0 .55 .04 -.40 -.61 -.53 -.47 -.42
COTP 1.0 .50 -.04 -.14 -.08 -.04 -.02
TDT 1.0 .68 .61 .60 .68 .65
PDF 1.0 .81 .83 .82 .77
IM 1.0 .81 .90 .83
RE 1.' 87 oP6

.o .0 .96
AV; 7 TIMI !.0
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TABLE "2 - I:FR-CORRFLATION MATRICFS FOR MO- 76y, 95B AND 1?B

MOS 76Y

TF 1JD COIP TDT PDF IM RF %Do A"T % TIME

TF 1.0 -.50 .25 .71 .85 .75 .77 .8? .73

1.0 -.20 -.76 -.59 -./8 -.48 -.64 -.63

1'-- 1.0 .46 .29 .36 .06 .18 .09

TPT 1.0 .79 .C,7 .61 .72 .68

PI1 1.0 .84 .76 .82 .76

p 1.0 .57 .85 .79

F 1.0 .69 .70
,1.0 .96

\¢'; °, TIMIF1 
.

MOS 95B

TF ) OIP TDi PDF iM RF %Do AVG % TIME

TF 1.0 -.57 .77 .87 ,91 .87 .85 .85 .70

I-) 1.0 -.43 -.59 -.61 -.71 -.71 -.57 -.58

CIP 1.0 .89 .68 .60 .66 .54 .4?

TD* I 1.0 .86 .7b .84 .67 .56

p 1.0 .90 .92 .79 .69
PT 1.0 .90 .89 .84
-- 1.0 .79 .76
Fo 1.0 .93

7 TIME 
1.0

MOS 12B

TE 1,D COIP TDT PDF IM RF %Do AVG % TIME

11 1.0 -.52 .71 .83 .78 .74 .64 .71 .64

1,- 1.0 -. ( -.58 -.65 -.67 -.63 -.53 -.53

('OIP 1.0 .64 .68 .61 .58 .62 .56

TDT 1.0 .80 .77 .72 .56 c2

P , 1.0 .82 .88 .63 .62

" 1.0 .77 .77 .73

1.0 .95 .58
71' 1.0 .96

AV(C 7 ' I, - 3.063
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S -d on tbe generallv high inter-correlations of all nine factors for each of
t)lese ;ix Mf(, it was m t altogether surprising that through factor analysis
.. ,t' varimay rotation ot the factor matrices) onl'y two factors emerged for each
" I the si" YV . Asshown in Table 3, the principal tactor for MOS l P
(accounting for 90 percent of the total variance) reflected significantly high
-iclcr loadiing.s for all factcrs with the exception of ID. Similarly, rhe
princ ipal fidttr for MO 63H1 (representing 80 percent of the total variance)
reflecrtd significr'tlv high loadings for all of the seven '.F - provided by
enior ,a.ters; of sore interest was the fact that the two TF produced by jot)

-,cu-.bents (- Pc nrd Average percent time spent) had insignificant loadings.
The primar% lactor for YOS 91C (accounting for 78 percent of the total variance)
lad factor loadings above 0.8 for all factors except LD and (OIP. Similar
rt--lts were aiko obtained for MOS 76Y, 95F and 12B. As noted in Table 4, the

prini tpa.i factors for MOS 76Y and MOS 95B (each accounting for 90 percent of the
riance rc"ected sigiificantl- high loadings for the nine 'IF with the

,- e\cptl,,; of COIP for MOS 76Y. The principal factor for S10S 1?B (accounting for
-Q l P -vent of the variance) also revealed substantially high loadings for each
Of trh, %ine IF. What these findings indicate is that there is apparently just
one unu;erlving percral TF, rather than nine 'i .fe- eut TF.

,I F 3, - \VARIMAX ROTATED FACTOR LOADINGS OF NIN, 1'RAINING FACTORS
.r PRINCIPA'. FACTORS - VOS HJR, 6Th, AND 91C

FACTOR LOADINGS ON PRINCIPAL FACTOR
I\Pl . I DI'Al,.

FA("IORS 1OS iB >1OS 63H MOS 91C
"" .67 .89

d''. Ii'-.10 -2g9 -. 43

.lP .87 .81 .07
p'PT .92 .89 .80

P14 .85 -qO .87
.-I'! .66 .45 .91

.84 .91 .90

Pc .41 .13 .96

Time .44 .20 .91

PF I, ',I Of' FTAI
'A V.\,A' A( CCO'NT l ) FI R 90 so 78

TAP 1 I - VARIMAY ROTATED FACTOR LOADING(S OF NiI E TRATNING FAC'IORS

ON PRINCIPAL FACTORS - MOS 76Y, 9513, AND 12B

FACTOR LOADINCS ON PRINCIPA!, FACTOR
l I DIAI

TACTOPS MOS 76Y MOS 95B MOS 12B
IF .81 .62 .72

[P-.54 -.55 -.60
(M1' .03 .24 .61

.!) 58 .38 .84

.81 .6) .89

.71 .83 .73
f .79 .70 .81

Do .91 .87 .37
AVG 7, Time .91 .91 .36
"I R(: ;,N' o: TOTAL
VA NA,(' A( 0 NI ElD I, l, W 90 89

364

:-::

''''""........................................................................"...............................".........



C. Prediction of "Critical" Tasks. In predicting. "critical" tasks from the
total task inventory, only the seven TF derived from senior raters for each of

these MOS were used as iindependent (predictor) variables for the reasons noted
previousiv. The objective of the use of stepwise disc- iminant analysis was to

determine the fewest number of TF which best predicted "corre:t" group member-

ship. That is, it was desired to isolate those predictors which significantly
increabed the percent of tasks classfied correctly. The first factor entered

was that which had the largest value representing the greatest power of

discrimination as measured by Rao's V. Subsequent variables selected were those
which, when added to the pre~iouslv selected predictors, measurably increased

the percentage of tasks classified correctly.

Table : displays those factor-, which best achieved this objective for

M'S", 11 b, 63H and (IC. Table 6 shows those factors for MOS 76Y, 95B and 12B.

' or each factor selected in these six MOS, the concomitant change in Rao's V is

displayed together with the cumulative percentage of tasks classified correctly.

TABLE 5 - PREDICTION OF "CRITICAL" TASKS -

MOS 11B, 63H, AND 91C

INDIVIDUAL II PERCENT OF
STEP FATRCHANGE IN ITASKS

FNTERFD SELECTED RAO'S V CORRECTLY CLASSIFIED

1lB 63H 91C liB 63H 91C liB 63H 91C

T LD TF. 38.0 195.1 123.5 63.7 76.6 69.0

COIl, TE LD 3/.9 61.8 35.9 68.5 80.1 74.1 I
3 TM COIP * 5.9 26.2 * 70.8 82.2

Tol A! - 7.. 7 2 .4  83.9 75.2

• The vriable for NOS 91C which was entered at step 3 (RF) caused a

statistically insignificant change in Pao's V.

IABI.E 6 - PREDICTION OF "CRITfCAL" TASKS -
MOS 76Y, 95B, AND 12B

INDIVIDUAI, PERCENT OF

STFP FACTOR CHANGE IN TASKS
ENTFRED SELECTED RAO'S V CORRECTLY CLASSIFIED

76Y 95B 12B 76Y 95B 12B 76Y 95B 12B

T T T- 64.9 221.2 48.7 74.0 77.4 66.6
OI1) * TDT 18.5 * 13.2 76.6 * 72.7

3 IM * CoIlP. 19.2 ** 8.5 80.0 ** 7.

10"1Al, - -80.0 75.6 75.9

11.e variable 'or MOS 95P which was entered at step 2 (PDP) is not shown

becau<e when it was added to TF which was previously selected the percent of

tasks correctly classified decreased. *k The variable for MOS 95B which was

entered at ,tep 3 (RF) caused a statistically insignificant change in Ran's V.
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As :nc"cated in Tables 5 and t0, TE was the predominant -actor, beinp
0" tt red ei ther step 1,f r 4ive of the six MOS and entered at step ' for the
-trier ~'~ 3H). The second best predictor of correctly classfied tasks was;
(01P, appearing amnong the top three best predictors in four of the six MOS. ' wo
other prt?,ictors, P 1 and IM, were noted in two of these MOS.

it was obse-ved that the percentage of tasks classfied Correct lv for
"' *1 , 6311 and 95B was higher for "critical" tasks; than for non-" critico!"

Fr -'KS -h. thles;e pe rc entage s we re 80. 8 pe i cent vs. 7 1 .4 pe rcer't . Fr'rr
'~tne~ po rcen tage,- we re 9 . pe rcen t vs. 7; pp- prc en t. Sim!i Ia:1%,

*.thev were 8O. 2 percent vs. 75. P perc4,nt. On the other hnnd, th e
perc:ez we rf tacks ~Iassif led correctly% f or MOS 91C aid XOS 12B was higher 1:o r
ni-- t ica 1 taks t han f or "c r it i ca I" t ask,; - 79. 1 pe rcent vs. 62 . percent

1C and ?pe rc en t :S. 7 .9 pe rcent f or MOS 2 B, respec t velIv. Fnr
* t tl-e'e r.*.etgswere the ,a-e - SCf Percent .

u i 'i n, . ani Imp I i ci ions.

:t Wac ev'de-r that the-re is a remark.ably high degree of correlatior be, een the
-eVe ra1,1t ed ,v qen io supe r- isorvf/mannge rialI personnel afld te tvo TF

b:t' ts, biCumbert ra t ion (reflIec t irng the 7 rcent of mc-n'-erq
-e r fc)r- ;.g a t tie entr- skill level and the average rerc-tit time spent b% theqe

-. r'-ers). Th at these f indinigs sugge-.r is that rathe- than nine separate fac^ rs
teexstq, v' reality, onlv one clearly defined factor, siilalrlv, .. , terms

Ot pr e d it i :,) " cr it ic al" vs. non 'critical" tasks, rat: .'r than nine individil.
i -a,,tor-, there is esserntiall\% only 7" (and probably COIP) which could he thought

a~general> consistent significant predictor<-. Ths 'ig~udprovide.
ai ba ior training developer- to decide which tra-ing factor~s s(r)ns

* hnecial for "critical" ta-sk select ion and thuis facilitate ,eir elforts to
i(!eitifv accl:ratelv, entry level training requirements. In timr, Tbe AOSP could
coll Iect the mos,<t usevful amount of -F data, primarily to aid these training
leve 1, ers , f ror a mi nitnum number of f ac tors. This w, Id enab~le the N")SP to
sniiificantlv improve its admrinistration of occupational surveys.
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£XA:NA: ~;jFPERFCRMAN; E CRITERIA

A:r.v Researr. .nstiti-&

Walter '. ?Crna:,

ter c .ar_ e ,is beer- .o eptial _zo as a product of rnd- vdual
~~ es. and o~ wi--t. are measurable at : I~e t

::.o.~:~:~z: t~ the oganlzator., o"~re~tJOgnza~ra.
-a..taw cn, trne indi'zoa: after c3b-entry ard o, -'-e per-

s-,.r- to perform. Previous errp-rica rsac a ivs-a
nA' :r~mhZ2enr term~s 31 taxuuomies of numan a~iitiez, values, and

~tt -earr. nas -,;,3eo Jr 3n velcs'rng taxoromiesz f :vronmenta~,
~ *ar esor examining -ea crsniis between n~ese factors

me a.-or rarpose cf tr.:s recearoh ;&3e to examine re .tions3hip' among Aa
__Ilv !,a organ4 zatoonal er.vo ronmentFK factors jo,,b cnaracterist.,_

va r-a L, nori measures of both maxima: ,e.g., hands-or. and job k.lowledge
eu-,,ts/ and typi-al e.g.. .- -;erv;.sory and peer ratir~s of perforn-ncee

frr-.nce criteria fo fL:rst-term sold.erzo in the Army. :n-s r per
11:so~zses re-vilts from -Imn--er.,ng a 110- : r Army iork En irunr~m-lit
,ueoicnnare KAWE ) to b00 first-term enli. ted person-el from five miii-
tar.,, Qc. t_1oak specialt-es OMS.

,%~a.or impptus for resea-ch o, env~ronmentai varlab*les was *.,e work
* .::hneider \18,;, wi ) pro)posel t suor s-tuat.onal lrrfluances .

* "b,'ta.3K crnaracteristics, organi ational practaces (e.g. , r..w&rd sys+.Pm,
-ind c- .mate variables couid either dir-- _tly influence p-,rformance or mod-
erate the re~ationship between cognitlow abilito .. and perfo-manct,. Dur-
ing the ear>-; ' 80's several research pro -uts were initiate" to develo',

raiyvalidateJ txorno",i-s of env :,onmen~a ;arialies (e.g., Peters
>':,ur, 1-6C.; Ci1sen, Bru.Rc~,e.son, & Rose, 194.Results f.-r
tn~ i'iopfle.~of situational,,en,,., nmental taxonomies have su;Zgeste-.

th., .. t ,3,t,_at,.onaI vam--bles carn -e Ientif.Led, cat,"gorized a,.d .,loably
meafLr. . ~ a series o-" latD( rut or-v stludies cono-otefl * Peters and

'ori,r, irnd themr colleag.,es 'fur a rev.- w see Eulbmvg, O'Connor, Peters

a ~,s-, >,4;, results 11-ve d'emonstrsted that situational constraonts
".. 3 eIII+, k'ntily relate1 to ineffective tasK performance, j,.b ,,ssatis-
faci)%, ar..I -acreased '"rus~ rrtiori.

Altioct;! currel;e'.onfl. field studies have supported the relationihips

uetween enii ronmental, si tuational variables --,I affective reactions to the
~o e-e., sat.Lsfacion, , associations between these factors and ralings

of t.-rformance eff(_-ctii(eness have een inconsistent. For example,

1he ;ew3 ux, ,r(-sed in this paper are those of the authors and do riot
4 ne~ces.-arily "e-flect the view of the U.S. Arv ResearcY' lnst-tute or the

T ,_partmoent of the Arr
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* .. ~~- ... ~h.;:. rt~.o.s:. ips *r ae

~~ ~an L: eh ,r~-

% n% *.*i t,- rs fv.~.r' a~ ix t a t rs-~'

* n t. .- . ay: .., t'r.a tr e rica-

*r r. rs t. -- t vt~re ~C rm er.n s e~ p erso0n nel
n- . . r- pi r. .a r.ir 11 C2 16f- ar- r

14 a ra" 1 6 2 MyJ' "0 S ligrnt wheel

~ ~ ~ute~ tates and tw. sopa

* ~r. ssnerrtittIir. 2c; a., environrnenta' cquestonnaLre
1 3-t :t~r I I e.~. Sop -rvsory ratilngQs anid maximal

*., A .ieteSt ~ru'Marl 't-.-. 'Art- was .ised n this resear.oh.
~;~r: nv r~men ~ec-or~'~:e A . h - Arry Wozrk- 'nviron-

-.. na, r .s a 1'-ter, mu.t-rie cri(e instrument that rneasares
': ~ *i.c Arm',. w,-. e): ) nn: The AWEQ wa3 constructed in a

r - :)%6- taxnom

~r ca. SO-Ler performance was der~ved

% r e. drrs eri 2, A~ r:., 2xp r *.3 i 6Y1 arid indeperiently
_X P-,' 'f( 1( it, i tifier env. roi.mental/organiza-

~ Ih mr, ~ ~ t:. 2o1trol of. m o~dier that had a Lignificant
-~ ~ -. r. te:rmne i~re h ng o r fai ita t ing th% t pe rf 0rmarice.

w: rr. ',' cm*ttax-)r.sm' cxzta;.no te foliowi.ne nine "Job-ori-

t ri-s~r~es o ,;~Ipment, ()Wurkload/T_'e vala

-AJo n 2r ~ ~ .t .t-wr i t,;, "Fe Prce.ived Job :rmportance,(8
rr. .w. nrt~r 'I T.r ;arfeL ~n ' -Aoc lres! Eqliipment,aswia,

- . ...,,.;. /: ie- -i trd " j mens is: 10 ) Rewa rd Sy,; tem,

X I~ :n I tem_- wert- ari tteni to co. 'ir thfe c ontent of

A me tn'~'. ar~ desr.i- 22e..rature and rc-pondets are ~e
* -~ t. a >-~intratint :ul .. g Ver. Seldom or Never to

)f,~lt -iliat. oi dec riJ.bed
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r~i.~eYea .r :..3~ set and mlaaro. a. ,3 f rance
~~~ -- : eJ~..~a a,7 "'=rr.ernt ,,, a -r.ao r

r- :mrc .-~ tn' Si.'.'.
Per., Crr". . .O1pre-

,'a e.3earr. e....._ th&e o .. ,~ Arr access,

-. a * -. .%' ' . a . ar- t;3 're-- %e'a Ics'>

'r C.-. we4i.

* ..' . ~ -a r ar~s. -- e har-,As-,): ,. t for acn M~ on-
r: -3 * 'a i. -.- ti ce

r( r .o p ,ei a 'ss:re tazsk. :estec. X1te-h tes ts
r~ - 2~nw.~ ree. to t. .r h mpcrtan-, tas~k fo r

L ~tet -eaci. teern -rl:4i.
w, I.; as 3 - :'.ae ~ .,i n~e c items answ, :. : crvectly

r~r~s. *'tnte :3.ap:.rv a-or ar.1 pe's at-rs were tanoto -.sel t":.a
Arm-wii-i aol!n 3pOfc AS they eva ae . o p-rform-Inc.-

~er ~tnVe researen sample. cnsre i.. tn tno'se asses'te
rs-,rssliers parlcipating inter~a'.Wore ~~nie~: (

* a-.r ~W-rK ':nrv roi.mnit 'estionna,,re and b, the ap~~s~apjob know.-
*!_7: ar har.is-or. test. --or all responierats, sor~on IIo . onriontal

:coewere merged w~ t, -, rs frum the max~ma, an~d t, pica. ptvrformvance,
-r- tor-a frana.,'se-_

7~ p AN D "I:3 .;3 "

.;rt'~t't sapl :3: p K ret tro-, r.," 1s-S i11dard devia-
I 'I. re it i tv Coo f 1 C~ ' t.3 r t:.e rte.3ea rcai -~as "-s. .1re mea

ratns (.n the AWE~ oca'e i _eo ons <,rt o: ~ e across ,:0" and anstl
cot~upsu~t-st tliat a cui,,plu.; seu of b,,,,h fact littln and inht 0-

t .g t~fle, de 3rbethe Army worL env, roniment. For instance, the
:':f r t;g: or -;och AWE,. scales a,3 Ys =ig -5.02, W,)zk Assignrrt

fi ytn'M a!nd ;ob upport .42) were-
,twh',, ee'a t. .l an o o;-tra, ",sh enva ronmontal vnriables

-. ,r.cc !.- .b Ir ,)ctance 1 /, >oc,pline rractices N I. ,
a- 11 :.da prt 14 '4 an I ade-jui ,y o f ;iole '-odel (X, 7- .) we re_

,-~n-a~ desiib-- r*.- p',.3 it L v eI 2n (o rre - t e1 r eli i ty est imat es
:n ' Ibe 1 shc !ta t the jb k~ikow ldge teo;ts tend to be the most

r-, Ltble : f ti'e T'RxImal per:'ormance cr teria ind the Army-wide RARS (.su-
perii3rJ)hays' the larg;es coefficient. of trne t~.pica1 performance fleas-

~ Thc: , L~',th- ,lsA cale -:r~ with ooeffi cient'3 rang ing_ from
*I. (Iv ae r te r i ab i I -I e 3 t',) r h -*2sea r4ch . n, t rmA~on t.

able ~ ~ -' ' , rr11 o h lt.- ,)~rrsI~ k atn ma t rix for the AWE1Q socales.
.otr.ore~itin:a-Tiori the 14_ ~io.how tha the rltmate-orlen ted

d .mera; 1 ms re irf-,g~l r-'ited thitr t,',e jot-orif.nte! factors. For
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X a eae | a i ro r
t

Ir'j-do *3S (P*r&) 727 4.52 .7t .7-.86
irj-.d, 32S (3uar i .ar) 722 4.50 .84 .8-.e6

U2 k- . O€0 S ) 727 4.60 .6 .76-.86
*'S-fpocific W-iS (Suj~y,-;%ors) 718 4.62 .77 .78-687
F az~s-om Test 6.W 71.72 16.11 .35-56
:o ed;vqJ. Test 745 62.41 10.63 Eil-.91

IyE; S :lo (I a, jlta ):2

le o,.r.. (- , 734 -.99 4.96 .75

-ooad (z-A 752 -. 61 4.34 .58
Tr&=in4 (z11) 736 -3.02 5.91 .64

• 'halcai Vorking Conditio s (&':) 741 .67 3.3 .57
.ob Luticrity (r.6) 760 -.25 3.65 .57
.ob In,%--AtioM (n8) 726 .45 4.60 .67
Job :a; e.:* (a-7) 725 1.76 4.65 .67
Vork 1a..r.A*zt (c-9) 731 .1.90 6.0 .70

Cla&eov 1.n Job Frocadures (C-8) 745 -.8 4.21 .58
,ovard Syctas (u-7) 736 -1.75 5.14 .78
Dismcipline (t-6) 7.51 1.10 4.07 .55

Itdi'ldual'Suppcrt (a-9) 727 .79 5.46 .73
Job Support (n-8) T34 -1.42 ".12 .72
2c.. XC~al: (Z-10) 731 .74 5.96 .71

Not.. T). For psr' "A co ratiL=a, 6b range of inotrrater reliabilitico

across NZS are reported.

?or Eands-on am Job Enovledp tests, tb raA* of mplit-half
re i bilitise across A03 are reportaa.

Tor the InyirotsactA.*l Pceles, Crobach's alOphe coeffici ts arv
uosed at soasares of :ctrnzal consistency.

2). Xoan scale scores -jrr coautsd such that "00 is a neutral
scv rcnatnt. Positive man values indicate positive descriptions
,f the snv1ronzent for that scale. Negative scale meams indicate
the opposite.

Table 2

Scale Itte-ccrrelstions fcr tba IVSQ.

AM Scale@ 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. 9,.*ourceo -
2. oril lad .52 -
3. ?ra ti ng .29 .26 -

4. Vorking
Conditions .55 .48 .M -

5. Job lotbority .47 .52 .39 .51 -
6. Job Informotion .52 .50 .42 .'O .60 -
7. Job !sportance .k .kO .)0 .22 .32 .33
8. Work Iasi-g*ont .26 .24 .66 .18 .35 .36 . -

9. JoU Procedures .49 .51 .44 .43 .50 .51 .Z4 .40 -
10. levard 31ytsm .38 .40 .40 .37 .58 .56 .29 .33 .45 -
it. Discipline .31 .31 .18 .37 .47 .48 .30 .14 .36 .45 -
12. Individual

Support .31 .32 .35 .36 .5% .60 .4 .27 .41 .62 .54 -
13. Job Support .39 .40 .44 .34 .64 .62 .34 .37 .48 .73 .48 .72 -
14. Nola Medila .41 .46 .44 .42 .61 .60 .34 .35 .50 .56 .48 .58 .45

got*. All tYtQ #tala intercorrelatioas are significant at ( .05.

Corrolationc t Aificnt at .05.

1). Sca!*s 1-9 are more Job-crouted &%a scales 10-14 r*r more cliato-orlintsd.
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ac>a te d w ith :' e, 'a rd 3 stem

- ~ ~ ~ ~ ~ ~ j ',u 1~ 1:' -*' t?2"(I, A>puaIz as a jo-rel1a ted fa, tor,
w. tn., '-r.atu saale u o: hle Modt ls

- .2 .. Oent test development work on thIe
A . :~'-'-~ ~ n'i pr.n,_irpIe com'ponient fa'toi'

- . f. (_I, ti'" d~c to ilient~fy u s3jbset
* :''~ *. :~de:'::~tte fziotI-r t'uor- of the

~' .:..... ~ '~'ra ~ :zrr(Auorpte the reauz,,Iary
.~,' 3. % :r<'~ c:' ze nd t e nta t V eIv s 1 et t

................ tern3 maR pe rm .t a mo r- Pa rs LnUN I us
r ~ r. ~ rr en'; , ronmta% t co n.3t ra t s, r l.

j~j" ,~', r'.~'nt-n. ~.e :ocu_ or. the, relationships between the
fra~.n n,,] a compr,.ThIerISvv "et, Of

* . .~.~..~":'~.'. ' ~ m)i' b~e tAO jrformnnn'.e nI,.ce3.

<.'''' :'.w. t:.e r rela t. e n toert:- be tw e en tn e 14 A !Q
J- *1d ~c.? ,P'f perfhrmar,,oe cr-,teria for the total s;ample.

f I~ . 'I, t. %i "y I -C, Vd . IF. rst , tnu lar,_zs't corre latLions
~~~u, ncf ~'vrnet'il a~b and tI,-_-pi.' performance meas-
the. Ar~i -4 - i - A:. 111 t .: r, f ne roimbe r of s - n f-

~ '. rr(,la t :n cozr t'i1 (%en ts beuweei enivironmrental
arJ z,6 a cornpart 'i witn 2.6 of the correlat ions

mIx _Tnal riter~a, were *at:ti t;ally significant. This difference
* atr'Abt~i''~o~p>.~ 'rc ,nce difeene .i. . .'e'ple sizes
"r _, urr-,%i ra val i s .3Thown nal T ht 5 were reid tively minor.

.~e~na, wneali/thz~er rnental L~mensions of (a) Perceived Job
mrra.Ic b T p Ipfi:.c practices, (c;' Individual Support, and (d) the

cwad .A, t. t~r~c~dtz tok, L3.ri'.f.cantly correlated wi th performianze Uri-
~''t AWh t "ti -'I p I e. Tn coritrai-t, ttiv AWr'Q scale scores on (a)

I"<;':q~i ameti t u.l Worklooid,'Tje Ava lIability, ',c) Physical
'o~.i'~ :n~ t..as ad J) Thnange, ri Job Pcocedure6'E(4UIpMent were niot

gi.~'carti ic~oia t(d iwrth ocores3 on the performance measures. Al-
tnogn w iartu)'ide of tht-;, e nvirunment-performunce relationships are

w- 'r 2: h ro:or 'rep~uct-t i , tn Armi 1fIeld test data frorn Pro-
I ', c c, ,: -, i" ,, t'i e, n1 t t tr e ndo ia'' b en i ob-

~ t~r% o * fi t. h i ps be twkeen
~~p, A'< *~it ~ pr ,e tris

i' ~ - '.1 :'O~r. 4''1"' t'.(O r.-1 he correlations b-tween
* .~'i-r' t~I i en. n I nd 2-i.) Di oftectc1a oowi th job- or -

'o :. t~r r ~ ' ~r:6t , ditod tc performance ratint.3. Furtiwr,
V.. : r ,A t Ito 1i C, --a. I; Ir ao t ion sf, £pr wa s f ounrd be tweten thtc en v,,-
:'di rt~fa iO. '2adIII xm. l.po)d n't cr1 t' ria, speci ficaJly, 50" of

,'w<~;~-Dorrlt.o .of:f '1#nt1 for climatv dimnnsonj anid 1. of'
*~~~~ rt *, ir*i t.. r.. :'i Lma' n~' 1, 1a yp'tt ~ i,,,so(,i a tQ( w ith

* '- . .r~~.~. r1~ 's''d' i i~o nr.I t wan. pred ic ted that ,job-

a. t.,e . : ,no~t Ior U. 'mir~o m ~c~s ,th q n the s pe rv iso r1y anq

I Iat ~ 1 U' tl~, cit~' aL'~i,~'~i lrr-tr purcurntatu of chimate-
r'.'atI i'~r ~' :o*b-or'.t~r'Lkd fit tcr we' no significantly correlated
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-S it 'e A WEQ Ca I re and ?e, frranCe Cr Iter I 1.

S.-a.e Sc( res on, A:-y krk En rOn~t ',aeat, onna, re

S 3 4 5 6 7 8 9 10 11 12 13 1

'ypica Ferfor'na:-ce ?Meas~res

A-jwd BAR .0" .02 .C7 08x .13F .09* .25* .07 .04 .11 .14 4' .18g *14* 1

-v,.,e BARS .01 -.0,4 Cie 0~ 1 5 1 .7 .01 .1 .3 .4 .12 .04

.1*1 17 1 1 .3

-e.cBAP-S .1 _.04 .6 05 07 .04 .16* .04 0 .05 .100 oq9 .0- .0,
reer3

B)~: . B S -. ' -. 06 . .03 .06 .06 .15 .11 -. 01 .03 .06 .05 '01 C

Max:mal Perfcr~ance Mleasures

b~-:L rest C.2 C-.06 -. 01 -. 04 .02 .09 -. 02 -. 02 -.08 .06 C04 -07 .1-4

-*.:.e~g(- -est -. 5 - C0k -. 05 .03 C .03 .1,' -.07 -.06 -.09 .13 .11 -.-03 .1

~.tc Z. A'ES. I- t r5,.rces, 2-workloatd, 3,7r.r.ning 4?Physical locrking Conditions,
''~~ ~~ ~~ '.Icb Relevart :nfration, -- Perceie lbIrrtne

SAs3.g*=e..t, ;.:'r.snges in .JoL P.-cced-res, 10,Reward System, 1l-L--sc~pline.
S.;-.13-Jot-liebted Sipport, 14-i ,.e Mcdels.

.:.re.6tzns vw:cr or s-gniTcant at .2 .05.

FutCOns..stent relationships iet- observed between en-ironmental
var, ibi .s an,] thie typlCa1 pc:formance measures, specifically the Army-wide
BARS, regardless of whether performance was eialuated by supervisors or
pec r-. This finriig indicates the existence of some convergence across

~ of p~r-i TiK nteiiWtireect to the irif 1ieric of environ-

2V ILy, sinme simplirlg' error moi eXplainr many of' the observed
Ji :ft'rernes bctween MOS, only few potentiall, m'eartina!'u1 nionet

otr~rmncerelationships wi I be discussed for the various Army jobs.
nthe 1%1fitry (I IB MOS)) an]' the Medical 'Specialist 9ANs)obol

p r ertfrur.ii, on nl oiriy a] 1 the typical m(-asures3 wals grifonl
rre ated with 1'eroelvedl Job Importance xojLC,1f*carit rs rnnted from .17
to 3)) 2igii cant rKa, rvhi owre observed between Work Assi gnment

al thle per-furmance of' Armor Cr(;wmen ,192 1403) On, tile MOS-spoo-ili c BARS;
'il the 11H~o-on measure. In tile 51(, MUS, the performance of radio- ,fle-

type ~ ~ ~ ~ ~ ~ c oje_ r. a infcatIcreatt-d w, th -job Relevant Aathoni ty
5~ bsis.A w t~ Aniy~i~ BR' for s3upervisors) . Perf'ormance

'f 'hlfl -311 1'010,iiM$;) on the 'r'...-wide RAT') ( Peers) w1s ,31gnl flcarit",
r.ak I, V~ tco sco res on the Ind - v Lduai Su pport dIimens ion.

AlItho ugh these specific 110-q findings suggest potentially int~re3tirig
r2-ik.on:;h ips betweeri envrunmental variable3 0.11d perfurmatice, thes3e cor.-

%A
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re~or r. "Ia~e and -annot, w..Lnout coss-va1ldation, be assumel to
represent.- staulp stmate s cf the true cco-relational values.

.x~ r~ea~. xa.:,s orrtelations bet.ween 14 scale sors on an
r,%s .na - re an 1 ..u re s of botn typicai and naxi-

*r' t 1 t~q ni p p Ie d research if an Army setting, inl-
r~ t f r.dir~cs wert; reported in the empirical literature with respect,

%t >r.Iilj's betvt.een orgar.,zati ora'L,' environm-enatal variables and per-

~s :4rum tn. a pp'-ed Arm rr arh _nd icated that sign.~f icnt
.p e < -,t re twee% ob ented and c -~nt-relatt-I envi ronmental

-rat e.; and "0".1 ,oo eroma ratings Itypical measures) and more
*% ~ .xra, coc: eritera-2ob r,!owle~ge and hands-on tests. Further,

'e~e .ni:.S ss ,est tn~at: \I , environmental factors have their strong.-
StC. r? 4 atlrw-'., -%,re t.I,p ,'i peclrfnarnce measure-s sach as Army-wide-

-,i t:.vironimental kariables have a larger number of
"r.. -ir.t ofeects on maximal performance criteria than job-related env.-

rcn.,renta. ad:'ensions, and 41) generally such job-oriented environmental
* .i:'a~ ac es (r'es/ C I/luicent, Physical Working Conlitions, and

.angvo it- _)t 1Pruo, Lr',Eupmen t are not signi ficantly correlated wi.th
t,.e ,oiprenresv set of performance crteria.

£eriv, tnev Aea.c bat signif~cant correlatio~ns observed between envi-
* . ni:-tal iinen.2.on.- and performance may be related to: (1) a Lack of

sff~cir,*t> 'o)nstri.ning or fac,.ltatirg conditions on the part of the
,r )nment'il vhriables th(-Yiselves or 2s} contextual facto,,s such uis

:'at~r3 adi iot,,ng their performance evaluiations to compensite for the nega-
t~,positive ?PLft-cts of specific work environments.
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Initia! Stanoaraizationi of an Air Force urgariizational
Assessiihent Survey Ins trument"

Lawrence u. Short, Lt Coloniel, 'U$StF
, ir Force human Resources Lauoratory (41-RLI)

james K. Lowe, Captain, USAF-

luU~th Civil Engineering, Squauron

janice N. Hiynitower, Cdptain, tUhAf
1;etcctmrnt ,Air Force bperiatonal Tebt aru Evialuation Ceniter

I n I~~ tne birectorate ot kesearch and Analysis of the Leaoership
anco R"dnd1ce,,:trt Pevelcpment Center (L .bL) L-1gan work on a revision of tre
PrwjatQ _,ata qitneriig instrument usea in the LkUL consulting process, trw

Crqnizti~~l sseesmert PacKage (GAP). The purpose ot this report is to
'jnSCUSS trr rlts uI t s ,-,f initial stanuardization research purf ormeo on trie

t~coria uen-'at ion GAP , now cal lea the bryanizati onalI A.,sessrnent Survey j UAS).
~:Oe s~ifcallythe report aeils witni ceriving tne uAS factor structure

~notes Iceach obtainea factor's internal consistency reliability.

nits present f orrn, the W, P survey consis.: of a coirputer-s>coreG
r-poris sritet aric a HlA-iter: ( o, attituuirai ann it)o emographic) bOOKitt.

~ecssuse a scale of one to seven, witni a value of 1111generally
1 ii ( a s trong o isa greenient ur aissatisraction with the question or

~r~e~etand a 1171' inaicating strong 49reemrent or satisfaction. Through
factor onalysis, tre 9j attituoinal item are coinbineo into factors as

~r~yrV~Iin raoIc 1.

Taule 1. OAi Factors

)Ki I1I1 Varib ty besireo Repetitive Easy Tasks
1,3sK lderit !Ly Aovancement/i-Recogni tion
Task Sinfcac anage~rent-Supervi sion
~oob Feedback Supervisory Commnunications 0 liat e
PertCrriunc,_ barriti-s arIG b]WO JCU aes riganizitiona 1 Commuunication~s Cl ilatt -

~eJ rEnriclirient (,job Lesire,) WorK uroup Eftectiveness
joi >'r Iarce Goals Job 'S-aLisfaction
ir, ue Job iKelatea Iraining

fa 1 Charact eri (tics General Organizd't ioral 0imate -

o.rk Ritpetition

Acin,,,-*rat i on of the survey is; Lthe f irst step in the consultation
',its.1. survey i s g iven to a ,troti1'1ieo reioom sariplI ot the or q niz-

I ior to wimh LIk4. has been 'nvi tez.. It-- ritsilts of the survey are di-
,lip .rt art f eature in Ine assitssmcit ~f Ls, sperv i s i on, c Ii ate , anYn1

[,roauct I,,i i n a r org a n izat ion, lne 'estu : .re nacluo In a COOtIuentil

*91 wor .1 > cotp 1 h( 1, d 1.h ut n 0! r f VIC tI P_ I'oSI I p afio
.. n a(elrierlt hee ;op 'Olit ji C Cet~rt n~ I ai iys i s [ire'. 1 '1 at- .

V

V-4_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _



',anrer tetween L-NoC ana tne client. After approxiinatliy five to six iweeKs
t&j aralysis, consultants return to the organization to2 provide feeGDacK Of

Cata to coimarnoers arlcl supervisors.

'fhen organizational problems are encountereo, a consultant ania superviscr
cevelca a manaqe;m-ent action plan uiesigneo to resulvE trne prorfleiih at that
le~ell -f tne organization. Within six to nine months, tne ccnsultin tpairi

*retiurn , to itaominister the survey instrument as a mieans to nE:Ip assess tne
wpctofucco -uing process.

ire uata troft each uAP anministration effort dre storeo in a cunoilative
Gata uase cu~rren'tly containing over 2Uu,uOU recoras for researcti purposes.
Tho-s2- nata are aggrtgatea by work group cones oevelopea for tis instrum,:rit.

we uta may b~e recallea Dy demographics such as personnel category, age,
:x, ir Furce Sc'ecialty Lonie, pay grace, time in service, aria enucational

level.

Trie uA- was aEvelopea jointly Dy LMLC anc, AFhkL at brooKs AFb, Texas
:He, drix & haiverson, ]!)79a; 197 b). More recently, acloitional stanaarc-
ization work has ,een cone with the GAP. Short and Hamilton (l ,bl) provided
e~ inencp ot t;,- i-mtor-by-t actor reliability of tie instrument consiacring

%. ~ both internal consistency ana tect-retest (stauility) aspects. In aciaition,
rtrt an cl rsi (l Dl rovided evidience in support of thle yroup differ-

enrces asDect of C~AP construct valinity. webster (1962) d7so tUnied con- M
struct valicity, of tne leaoership and organizational climate areas 01 the GAP
uy uslnc a mocnfiesl multi-trait, multi-method approach, favorably coriparing
the 6AP to the Survey of Organizations (Tylor & bowers, I' ) Fia Lth

st~iiy t h t~factor structure was studied across selected functional
area ano cemographic groups (Hightower & Short, l )aria across intcrvals of
ftime (ightower & Short, i~3.Tnese stuoies yielojea a slightly aitferent

factor str Lcture thnta urnl in use, [Dut showed the revisecl structure
to b exremly tab; acossallcomprisn goup. Thse tuae~scomblinen

with several years of experience using tne instrument in tne consulting
urocess uointed out ways the OAP couln be revisea to enhance the process ann
thp accuracy OnG precision of organizational diagnoses.

Me tn on

)ver vievt at!,, Subjects

[he Sij it f the OAP-uAS data gathering n.ime from three operational
bases in the Lont riental Uinitedi States. Since the surveys were aaimirlistered
oy LD( corsu Itail, the test bases were resel~ctenl via the consultant's
s ctnejuu1e. Ine nda were gathereG by LUt}L consultants uoth as part of thle

2'rl"'Ji1ti rm process, anna as an effort to test the nev, OAS i nstrunient. I ne
* (LJr~t -espo,)imu to botri the OAP ann the OAM ann were then provided thle

portnt 'O I ly express the 1r tnougthts concerni.ng the f ace va 1 ilty
ot trit mi ikS struneret. The responses trom each person on the two surveys

11NI .in ec ial cooing.

Imtral ot p- er sonnel tooK the LOiCk to back OAF-0AS survey<,. ine
corisiu -u ot1ot-d at , males ano 14.N, feinaies, comparea to the P~ib4 Air

l::or e rat it; or u m aO to I I~ f ema K. i nes ranigd-,( tri~Oi I/I to bi, alIthiough

3 7(,



s were younger tnan 4/. Iite sample consisted of l% officers. 7 o
enliste, ?,o General Scheoule (6S) civilians, ano I, waye toara (wb) civil-
ians. The Air Force ofticer/enlist ri ratio is l2 ofticer, b.5 enlitc:.
Note tnat if the civilians were removeo, the orficer/enlisteu ratio ot the
LS .:!ple -,ould ue ' officer to 6o% enlisteu. Fifty-four percent (b'4b)
nao maue ei tner ore or two PS iToves, aG z!i. haa been on at least one unac-
companiec PS t.,ur. Over 5boi of the personnel haa daytimie worK scheuules.
<ac ally, 7bot Of the sample ere wNrites, l5 were blacKS ,compo-reo to the

ir rce's h), ,no 14 were otners. ver . nao iore than ]L years in
Lre t-r KForce, nile /17. naa less tran L years or total service ti;ire.

P;.strume.atat 1 Cn

The version ot Lne UAS used for the present stuay containeo 104 attituc-
inal items tor test purposes ano ten oemograpnic items in adoition to those
in the OAP. The UAS survey items were select a to met two criteria. First,
previous factor analyses had shown that the supervisory-relatea factors ana
tre cliaate related factors on tne present 6AP are not separate. lneretore,
one crittrl, n was to test new items to create separate factors wnile elimi-
* rating some of tne seemingly ambiguous items wnich presently loao with the
composite supervisor-climate factor. Second, consulting experience has
Snown tie need for some aooitional factors not represenleo in the original
OAP. Incluued in this group are factors pertairing to stress management ario
intergroup cooperation.

Procedure

Administration. During each survey aorinistration, the GAP was aouinis-
tereG prior to the OAS to prevent contamination of OAP results. After com-
pleting Doun surveys, participants were askea to complete a short question-
naire about the OAS. In addition, 44 responoents were ranoomly selecteo
ann verally polled to see if tney haa additional comments anout the

survey. if so, those comments vere recoraea on the questionnaire.

Factor )tructure. Uerivation of the iactors was accomplisheo Dy use of
a principal components analysis with a varimax rotation using pairwise
oeinti on. For facto- solutions, the "eigenvalue greater tnan one" criterion
was usea. In anution, a Scree-test was used to help determine the optimui
number of factors to extract. Following ware, Snyoer, ana wrigit (lh/b),
the Foctorec hoogenvous Item Uimensions (Fhlu) criteria were useo to assign
items to i-ctors. Uruer these criteria, it was required that all items in a
factor have high loadings (+ .4u or greater) only on that factor ana low
ioaourqs (+ . 9 or less) on all other factors in the matrix. This method was
a Usetul check not only for item homogeneity but also for item aiscriminant
vaiijLty. An audit'onal requirement imposeo was that there be an absolute
I. u rn,ncce uf at lvast .lu between tne l.rimary loaaing ana the item's highest
Ncunonary Icaoing. Nurieric scores for ncyativcly worded items were reflexeo
befoae the factor mean was calculateo so that numerically higner factor
ruspoIi(,es i:wys irudiCteo more favorable responses.
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1 nttt r.j1 I unsistency Re I ability. The r, e Jir)c or chice here w a
Lronbach's alpna. ^eneralIly , the mos t poou Iar of tne inte rnal cons sericy
nethoiss, alpn i can be obtained from a single survey aoriflistraticl ano efl'riT-

rates the incnsistency of splitting iteins. Its calculation is taseu or; tilt
ijrrbtr or i tes in a scale or f actor ana 'me mieari interi ten. cot relation for
triat same sc--Ie or factor. Usualiy, tnerefore, as the average interiten,
corretlation or the number of iterrs increases, se aocs thet value of alpria.
These proceaures nmust be balanceo, however. For example, mrere is ani 1pper
bound on , 19infi1cant i ncreases i n dlIana f, ort ao iriu i tem, In adUItion,
acoing iteims ti.at reduce the interitem correlation will not increase alpha.
it snoulo also De noted that alptza -,s often corsioerec, the lower oounco ot
-internal consistency reliability. Tnus, aipria iiay generally be corlsicoereo a
conservative e-,timate of the true reliability of a scale or fector (Carntines
& 4eller, lv) ince it is aiftlilt tU attach significance levels to
alpha, a more alrect standard of coi-mparisoni was useoi. For purposes of this
study, aip~.a coefficients were considereo acceptdbie at .bu or above, qood

*at .7u or above, ano high if .9~u or 3bove (ware, Davies-Avery, Stewart,
1978; Carmines &Zeller, 197s,; Henorix &~ Halverson, Ij79a).

-esul1ts

Factor Structure

lire oinitial factor analysis incluaeo lu04 attituainal items of which 4)
werenewitemns, 34 were reworded versions of GAP ,tems, 14 were nearly

identical ly worded to .AP i temrs, ano j were identica! to OAP items. Each
i _en was i ncl uded to hel p measure une of the f actors. Demographic items
were not included in the factor analysis.

The initial factor analysis was actually two factor analysis problems, as

the SPGS system utilized limited the number of items per run to lUG. The
initial d'IalySIs extracted lb factors, 13 of which were expected; the rieiliain-
I rg tvo factors accounted for less than Z.5%, of the variance and had no items
i Lh loadings of 0,40 or higher. based upon the results of the initial

Vfactor analysis, i temns which di not satisfy tne iteni-loading criteria
mentioned in the Procedure zectiori of the report were elimnatec from the
GAS. Selcctinq the final items to be included in the OAS was an iterative
process to ensure that each item loadeci uniquely to its expectedi factor and
to insurc tnat no item that loaded uniquely onto an expected factor was left

The f inalI fac tor- analIys is con ta ined onlIy i temis whi ch sat isf iea al1l the
l t oln- 1)adi n c cr it er ia, i nsuArinr.g i teml 1 di me n s ionaIi ty. This reducei the (4A
irowm BA, to 77 a,.tittioincl items. rive items from the GAP whichi oealt withi
the Need for Job Enrichment were anioed to the items to be included in thE
A S. lnc~ cQ for ouO Enriciiment items were included in the final facto,-

anilysis even' Inough they tia not been tield-tested as part of the OAS
instrument. Ae expect these items to continue to load into tne same factor
or(-e they --re incluoed in the GASJ. The uAS survey contained live Comlbat

~e~uessitems) which, even though they loacied strongly into ore factor,
wte rmo' ''d- trom the GAS survey to be included instead within LDk's
'orr,[at /;tt i tuue Survey. Only I11 of the final 77 attitudinal itemns had mleans
above b.5.
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The lj final factors are I istea in Table 2. The factors accounteco for
uc , of tne variance. ve nao hoptd tnat tne !tems rei. ating to kecv)cr~iorI
vjulc luac into a sep-irate factor; however, these items loaaeo witn t ne
org an iz a tio na I li ma t e i tem s. Two ot tne extractec tactors, Ykovancement ano
ntergy-oup Looperation, consisteo of t n rte items and tre viorK Conuiton

factor cons isted of two items. The factor lojoings 01l these itenis onto ; neir'
respective fhctors here all above ij. 4.

TaL~lt o.t'riveaoiU"S Factors

Job Goals Supervi sor
job tnaracte-ri stics Aovancement
Task Autonom-y uryanizational Climate
Trainiro Intergroup Cooperation
WorK~ SUpport worK 'Oroup Effectiveness
worK Lonoitioris N(CCJ for Job Enrichment

;fective ti-ess ,,aria erlent

nternal Consistency Reliaoility

Tn. 77 itiuia tems whicn :oaijeo onto each of the I factors were -

used to determine Uron-tachi's alpha for each tactor. Values of Cronbaci's
jlpha ranyea trom .71 to .Jb, Witn ftj of tn. L) factors hving alphas ot at
least .64. The factors with tnree or fewer items, Advancement, Intergrou.
noperatinri, and 'work Conditions had alpha values of .7/), ./I. ano .b ,

respectively. Even tnough the three small factors had fer esta
desired, tneir reliability scores were acceptable.

A~ Final Comment

The oresent -esearch, then, shows the bP factor, structure te be
statistically soujr.o and generally consistent Witri the literature as well as
previous expe-i enu-E wi tn sirilIIar , terio on the UAP. The factors also showed

vy hijn internal consictency reliability. The ccmuination of tn.-se two
f 1n ' i r n' p ro v initial support for t~ie OAS as either a consuiting or

s ,re research instlrument. Tne UPSj seeirs appropriate to replace the (JAP as
iprovides a more solid, replicable factor structure wi~ii fewer items and
ftors than the OAK.

Reference])

,'rirnes, & (J, eller, k. A.(7). tliabilltv anc. valiuity assess-
r~.be verl IHills, (A: Sage.

ienr i 'x , .h. , & Ha iverson, V . Io. ( 1,J /)9 Organizational survey acssessment

paqao for :Iir Force orginizations (fiLT-89) rosA~ x

Air Force Human kesources Laboratoryv.

hendri x W. h., & Halverson, V. b. (l9/,jt). Situational factor ioentifica-
tion in Air Force organizations (Jhk-R-i-U. ~ooks AFI5, TX: Air
Force human Resources Laboratory.

179



mightower, u. ,., & Snort, L . U. tl Stablity ot the O'ianizational

Mssessment Package factorial vali oty across groups. Paper present.-a at

tne 9 ,  t Amnnual Convention of the # nerican isychologcal ASOCVtior,
.ashi,nqton, b _

-,g, & Snla't L. U. (TIe.5) Temporal staDci!;y of the Ur9,.nlzd-
t inal Mssessflent 'aCKar,,, factor structure. ,rdper presentea at t- jlst
pOnn_,a] _orIv"rItlon Ot tlld 'lrcan tsctvlogicaI Association, Ananeim, CA.

INahr, '. ,anual tor the urqanizational Assessment. Package survey
f deport Nur.,?r b6-2bbU), ,axwel AFL, AL: Air uommano anu Staft
L Ileqe.

"nort 0. u., avi]tov, N,. L. (lib). An examiration of tie reliauiliry

o, th'e Organizational Assessment PacKage (LNUL-IT-bI-2). miaxwel AF ,
,iL Leadership ana Management uevelopir Center.

Short, L. 0., & WilKerson, b. A. (lbl). An examination ot the group alifer-

ences aspect of tne construct valility of the Organizational Assess,,ent
aaQe. Proceeainqs of the 23d Annual Conference OT tne 'ilitary

Testing Association. Washington, DC: Military Testing Association,

Taylor, ;. C., & bowers, b. . !/j Survey of organizations. Ann ArDor:

Irstitute for Social Research, University of Michigan.

are, .. ., r., Snvaer, ,. K,., & rignt , . . (1 7o). Dev l opment an re
valiaation of scales to measure patient satisfac:,ion with health care

services: Volume I of a final report. Part A: keIiEw if the litera-
ture, overview otmethoos, and results regarding construction of

scales. Publication No. Pb-L8b-329. Springtiela, VA: National

Technical Information Service.

are, J. E., Jr., Davies-Avery, A., & Stewart, A. L. (l97b). *he measurement

ana meaning of patient satisfaction. health ana Medical (.are erv-s %
teview, 1(1), I- . -

vibster, A. h. (link). An assessment of the construct valiaity f the

leaaership and Management Uevelopmcnt Center's Organizational Assessment

Packat iReport number 82-2640). Maxwell AFB, AL: Air Command and Staff
Coi! eqe.

380

' 4"

j



PRODUCTIVITY MEASUREMEt r: ISSUES AND CHALLENGES

Paul van Rijn, Ph.D.

US Army Rosearch Institute'

5001 Eisenhower Avenue
Alexandria, Virginia 22333-5600

This paper describes some of the lessons learned during the Army
research Institute's (ARI) efforts to conduct an .ndependent

outside evaluation of the outcome of a macro-level

sociotechnical system (STS) intervention at a largE Army
maintenance Depot. This particular intervertion focused on a

major division of the Depot which consisted of abaut 900
workers, mostly Army civilians in skilled blie-collar

occ-ipations, and which had primary responsibility for the repair
Aid overhaul of the airframe (as opposed to the engine and

transmission) of Army helicopters.

The FTS anzlysis and the development of the design
recommendations were conductedJ by two outside STS experts
working closey with a team of 12 Depot volunteers who had been
carefully selected to represent bot' the different levels and
occupations within the nenot. This phase of the intervention
lasted nearly one year and involved: (1) the developmc it of a
Depot Philosophy Statement, (2) the explicit articulation of the
misnion of the Depot, (3) the identification of the key
v. riances (deviations from the norm) affecting the work of the
Depot and their controls, (4) an analysis of the social
(people-related) systpm of the Depot, and finally, (5) the
development of 1? specific r commendations for change.

Although ARI's preliminary efforts to evaluate the intervenition
outcome were initiated from the beginning of the STS analysis,

these efforts were not a prominent component in the discus-,ions
of the STS analysis or in the development of the
recommendations. Goals and expectations for increased

productivity and enhanced quality of working life were
expressed, but seldom in operationa. or measurable terms. ARI's

role was that of independent outside evaluatc

Toward the end of the STS analysi;, when the change
recommendations had een developed, this researcher first became

responsible +or ARI's evaluation of the intervention. Numerou;

archival measures had been iden ,fied previously as potential
indicators of increased productvity and a survey instrument had

'The views expressed in this paper are those of the author and

do not nece,,sarily reflect the views of the US Army Resea. ch
Institute or the Department of the Army.
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been develcped to assess ley organizational variables.
ImplemPntatlon of the reco.mendatio.is had not yet been begun and
the conditions for trclirg the intervention before, during, and
after- ir..plementation seemed optimal. However, appearances were
deceptive.,

First, it became apparernt that the archival measures identified
were much mnre complex than had previously been assumed.
Interpretations of the s'mplest measures, such as "Numbe-r of
aircraft produced," surfaced a long list of questions. Did the
Lount include all aircraft or only some models' Were
crash -damaged a,.-craft with their special requirements included
in the counts' And to what extent did the overhau, of non-Army
aircraft ar, d special projects affect the mesue

It was also apparent that, with few exceptions, the "number of
Pirz:raft produced" matched exactly the number that had been
contracted each month. If 30 aircraft were required, 30 were
produced. If 28, then 28. Overproduction wculd result in the
aircraft being "carried over" into the next month or would
result in div-rting work to neglected shopfioor maintenance or
other support tasks. If production was behind schedule, the
reoedy might be to luthorize more overtime or schedule extra
snifts until the schedule was met. This often resulted in a

liurry of activity toward the end of the month.

Other measures posed similar challenges, not the least of which
was that for every measure there were mUltiple repoi ting
systems. The printout of productivity report titles alone was
over one-half inch thick. Nearly everything was counted and
logged into the highly automated reporting systems. There were
no simple ways for sorting through these prod-jctivity reports to
determine which reports woulo be most useful for . meaningful
evaluation of this intervention. There was no single expert who
could advise on the utility of each report, many of which wEre
produced sL1lely to comply with reporting reqUliremcnts and
formats imposed from outside the Depot.

Due to the multip.e reporting systems, it was not unusual to
find a measure as non-complex as "sick leave useage" produce
inconsistent or discrepant results. Often the data would be
different uecause they were computed differently. For example,
or, one report. "sic"k leav,_" was the rate pEr employee per 100
work hours, while on another, rEport it was the rate per pay
period, or 80 work hours. Even the term "monthly" took on
dffer.±nt meanings. Or d.fferent report it might refer to the
varying number of calendar days, the available number of
workdays, or simply two pa- pet iods without regard to the number
of actual workdays involved. Seldom were these variations
obvious from the report titles and painstaking investigations
were required to resolve even the most obvious discrepancies.
These individuals responsible for Taintaining the various
reports were often not aware of these discrepancies, since they
maintained only one type of report. And although they were
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highly dedicated, those maintaining the printouts were not

always the same people who Irritw the precise details of the

derivation and meaning of the numbers being reported.

A second major measurement issue that emerged was the level of

analysis. It has already been suggested that global measures,

such as "number of aircr-aft produced," are often difficult to

interpret and may mask real productivity gains made at more
molecular levels. Figure J shows some of these levels arid the

types of subtasks that are required to process a helicopter
airframe through its 18 overhaul stations. Over 60 relatively

independent work certers (not all are shown) are involved in

maintenance and overhaul of the helicopter airframe. Each work

center has its function, from disassembly to electronics repair,

to painting and flight test.

Reducing the specificity of measurement to this level might be

intuitively attractive were it not for the tremendous volume of

data that would somehow need to be collected, analyzed, and

synthesized. This would represent not only be a collosal task

for the researcher, but, more importantly, it would place

considerable unexpected strain on the resources of the

org~nization to duplicate and make all this data available.

Besides the volume of data that would be generated by a work

center level of analysis, the researcher would now also have to

face the challenge of comparing and aggragating data across work

centers with very diverse technical processes and different

outputs. Except for a few measures, such as sick leave, there

were few productivity indicators that could be aggragated

meaningfully across work centers. In addition, it raises the

question of how a researcher can assess the productivity of one

work center when the productivity of that work center depends

significantly on the productivity of one or more other work

centers'> The paint shop, for example, cannot be expected to

demo;tLrate high productivity, if it is riot provided sufficient

numbers of airframes to paint or if those airframes all arrive

at the same time.

Other major issues are the reliability and validity of the

measures themselves. Even some of the more promising measures
proved on closer scrutiny to be highly variable from month to

month and were 'ikely to be of dubious quality for research or
evaluation purposes. The large monthly variations could often

be traced to unevenness in the suomissions of data for the

report, individual dii.'Rrences in the criteria used to report

the data (e.g., What is a reportable defect?), computer system

failures or software upgrading, undocumented changes in the way

the data are recorded or calculated, re-establishment of the

engineering standards or norms from which performance efficiency

ratios are calculated, and so on.

The timing of the evaluation measurement is also critical. In

an intervention as large and complex as that of the Army Depot,

it was difficult to specify at what point in time a measure is
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before, during, or after implementation. This was due to the

fact that different recommendations were implemented at

different times and had different durations Training, for

example, can be expected to result in an early decrease in

productivity with its benefits not becoming fully realized for

years. Other recommendations, however, can have a more specific

and immediate impact. Finally, it can be argued that
implementation started the moment the analysis phase was begun
-- long before the recommendations were implemented or even
developed.

Another important measurement issue is the identification and

control of confounding variables. It is highly unlikely that
during an intervention of any magnitude that there are not also
other factors that impact on the measures used in the

evaluation. For example, during the intervention at the Army
Depot, the Depot went into a massive hiring mode. Does this

increase productivity? Or, does it decrease productivity as
productive workers have to divert some of their attention to the
training of the new and unskilled hires? Merely identifying

these potential confounding factors is a difficult task, but
this is not nearly as difficult as assessing the direction and
magnitude of the effect, or of determining how the effect varies
over time and from work center to work center.

Finally, the survey instrument, developed to study Depot
organizational characteristics that might contribute to an
effective intervention, proved to be insensitive to the changes

that were ultimately implemented. This was because the survey
focused largely on the structure and work processes of the

Depot; while the intervention, as a whole, did not significantly

impact on these areas. Given the nature of the organization,
major organizational or process changes would have been highly
unlikely. Consequently, it should come as no surprise that

there were virtually no changes detected over the 14-months
timeframe in which the survey was administered. The few
questions that did demonstrate an attitude change (some over 20

percentage points) tended to be questions that related directly

to the philosophy and principles of the STS approach to
organizational change.

Lessons Learned

3ased on the ex:periences with tnis particular intervention, a
number of productivity measurement lessons were learned:

1. The measurement of an organization is likely to be much more

complex than it initially appears.

2. Independent oLtside assessment of an organizational

intervention is counterprcductive. First, it does not focus the

assessor on the most meaningful measures and it does not provide

for a meaningiul reduction of the multiple measures that are
available.

385

S ' . - . .



3. Interpretation of the numbers alone, without fuil knowledge

of the process from which they derive and the context in which

they occur is likely to be highly misleading.

4. The assessor must work very closely with the organization --

from the very beginning of the intervention -- and assist the
organization in identiying the measures that will be used to

assess the success of the intervention. This requires defining

the goals and expectations of the organization and the outcomes

of the change recommendations in terms of measurable outputs.

5. To the extent possible, the assessor and the organization

should be co-investigators and partners in the intervention,
mutually learning about real organizational concerns and both

being concerned that the data are meaningful and trustworthy and

that the inferences derived from the data are logically sound.

6. To the extent possiole, the different stakeholders in the

intervention need to be identified early and their criteria for

judging the pluses and minuses resulting from the intervention

must be articulated.

7. Searching for unitary cause and effect relationships is

inefffective. The assessor and organization must work together

to clarify the major interdependencies and contexts in which
measurement occurs.

8. The measurement aspects of an intervention need to be an
integral part of every phase of the intervention. To the extent

that positive outcomes can be identified early, the momentum of

the intervention is likely to be sustained. It may be advisable

to deliberately include in an intervention some recommendations
that are lilely to have an early demonstrable payoff. The more

these payoffs can be expressed in terms of "hard" dollars saved
or productivity gains, the more likely the intervention will

continue to receive the top-management support it needs to

remain resourced.

9. Finally, resources required to collaboratively assess an

rntervention are not trivial but are an essential and important
investment, not just for the evaluation of the particular
intervention, but also for the continued monitoring of an
organization's productivity and quality of working life.
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A MORALE AND MISSION RELATING STRArEGY

Raymond 0. Waldkoetter
U.S. Army Soldier Support institute

Fort Benjam n Harrison, Indiana 46216-5060

The Mission Area Analysis (MAA) assesses the long-range capability of a

proqramed force to perform required combat tasks. The analysis is designed to

discover task deficiencies and correct them with changes or solutions in
doctrine, organization, training, ard materiel. The MAA process also provides

a basis for applying advanced technology to future Army operations with the
inherent aim of incresing combat effectiveness. The MiAA is performed by a
study group at the Training and Doctrine Command (TRADOC, 1985) Centers or

schools. There ar,: 13 MAAs, projected to be conducted in groups of three once

every four years, and are usually initiated prior to the research, develop-
ment, and acquisition cycle. Throughout an MAA's analytic process, the
soldier must be considered as an integral system. Deficiencies in combat

effectiveness nust be remedied either by improving soldier performance
directly or by changing doctrine, organization, training, and/or materiel. In

any case, the soldier is the key element in the combat equation.

The individual soldier must be represented as a "combat system"
integrating TRADOC combat development activities, relatig to improving

individual performance with human technologies or equipment that will enhance
indvidua, capabilities during c-mcbat (Weisz, 1989). Soldier factor issues

are identified during the MAA process to advise or assist proponent TRADOC

combat developers in solving problems related to soldier motivation,
capability, and performance. Direct assistance and advice are given to

proponents so that the focus is or consideration of soldier factors as the
means to enhance individual ani unit performance. The Soldier Support Center

(SSC) works with proponents in developing MAAs and study advisory follow-

through to assure soldier factor consideration is also carried over into the
materiel acquisition process -MA-P.

The purpose of soldier factor consideration is to: insure that

notentially critical soluier factors are considered in the MAA process;
provide a guide for considering soldier factors in the MAA process; and
promote effort; to assess the impact of soldier factors on MAA deficiency

solutions. Study efforts in the MAP, process should specifically include

'.onsideration of soldier factors. AFter-,he-fact consideration of soldier

factors is largely inefficient. The ind'idual soldier should not be regarded

as an add-on to a materiel syst.fn Soldiers must have a defined role within
the mission area. Serious corsideratier, of soldier factors can reveal ways to
avo-'d suhstantial degradation and enhance abi ity to perform the mission.

The views and opinins exprossed .i tiis paper are those of the author and
should not be taker. as an official Dclicy of the Department of the Army.
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Soldi,- faccor issues become critical and must be remedied to the extent
that thpy jetract from the soldier's job and combat performance. Soldier
factors affecting morale and mission performance must be defined in some
scheme to begin to understand how they may affect duty or combat.
Historically, commanders have relied on the human/soldier dimension or "moral
force" to decide conflicts when their forces were equivalent in other respects
(Zais, 198). Knowing relationships probably exist between the global notion
of morale and mission success has not led to any readily reducible process to
confirm these relationships. Since factors related to morale and mission
success are so n..;rerous, it seems best to devise a logical scheme to analyze
"some," appearing to have noticeable affects.

Soldier factors, then, are defined in this paper to be such behavioral
determinants as cohesion, stress, values or ethics, mission (sense of), and
performance (sustained). Studied in the MAA context, these soldier factors
are also seen as being affected by three primary determinants - systems/
weapons, individual/group characteristics, and leader/management actions -
adding to the comprehensive soldier factor affects. Morale as a collecve
state-of-mind can De identified by the interaction of these soldier factors
when producing a positive attitude expressing motivation and satisfaction
(Motowidlo, Dowell, Hopp, Borman, Johnson & Dunriette, 1976). Thus, the fully
adequate consideration of soldier factors also conveys the basis for
unerstanding and assessing the Ir-vel of unlit soldier factors as morale.

Soldier performance is affected to a lesser or greater extent as soldier
factors are used as corrective actions. Materiel ha! given limits, (i.e.,
tensile strength and payload), and consideration must be given to reliability,
availability, and maintenance. Soldiers also have their given limits, (i.e.,
strength, endurance, and morale); and again, consideration must be given to
"responsibility, availability, and maintenance" (fitness and readiness). A
thorough consideration of soldier factors will likely 9uide the planning for
and improvement of combat performance beyond the MAA process. The concept of
soldier factors - cohesion, stress, values or ethics, sense of mission, and
sustained performance - may br developed under the primary determinants with
descriptive actioi-task (AT) ,tatemerts suggested for each factor to improve
mission analysis and corrective action design.

Each proposed corrective action or solution to an identified task
deficiency is derived from concepts related to doctrine, training,
organization, and/or materiel. A recommended solution following the soldier
factor- review will succoed only 1o the degree that it remains compatible with
other projected changes and is supported within the given resour ce
constraints. The perfect solution is an elus;ve godl and the best alternative
may dirmand tradpnffs in deciding which soldier fact,)rs should have the most
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attenticn in obtaining a soljtior. As the MAA proponent task force or
a..sisting soldier facor analyst eamies th.e interface between solutions and
s ldier factors, the following procedures serve to implement conside-ation of
soldier factors in the MAA process. Consideration of the soldier factors has
to identify and determine for proposed solutions: action-task (AT) statements
that will affect soldier combat effectiveness; task conditions and standards;
the combination of soldier factor considerations that can most likely affect
task and combat success; any expected changes in soldier factors related to
proposed solutions; and, essential elements of analysis and measures of
effectiveness for soldier factors. The probable improvement in critical tasks

r is determined in a proposed solution by considering the extent to which those
negatively contributing factors can be reduced or countered, and positively
contributing factors can be augmented and supported for corrective action.
The total impact of Jier factors is evaluated and determined through the:
impact of the proposed solutions on scldier factors; impact of the soldier
factors on Drooosed solutions; soldier factor initiatives, constraints, and
limitations in proposed solutions; and, acceptability and feasibility of
implementing the proposed solutions.

RESULTS AND DISCUSSION

The analysis proceeds from evaluating the impact of proposed solutions on
the most critical soldier factors to questioning how aspects of proposed
solutions will affect one or more of the soldier factors and vice versa. For
example, will a proposed solution lia.ire leaders to increase training to
cope with increased intensity of batt'e (stress)?" Action-task (AT)
statements like this are used to judge the affordability and supportability of
a solution. The AT statements can be used as operational task statements and
prioritized in terms of importance for the proponent mission. Priority for
mission accomplishment can be indicated by having a subject-matter panel judge
whether they disagree or agree with the level of relevance of an action toward

. solving mission area needs. Then any deficiencies associated with the
prioritized action can be identified and remedied by the most appropriate
types of solution. A second way the proponent may utilize AT statements is by
prioritizing actions most to least pertinent. Thirdly, if a deficiency would
occur in any primary factor set, judges or raters can indicate to what degree
it would increase the probailit' of inadequate performance. As corrective
actions/solutions are revuei1n relation to selected soldier factor actions
or issues, then the proposed solutions for doctrine, training, organiLation,
and/or materiel will be defined and prescribeo accordinqly. If a soluLon is
constrained by any soldier factors it may have to be altered.

Although numerous AT statements can be generated, in most cases 20 or les
will suffice if an in-depth review is conducted. Some 105 AT statements were
generated with 21 for each factor and seven for each factor under a given
Drimary determinant. Any variation of AT statements is possible depending on
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the mission area concerns. Table 'i is presented as a working eyample using an
analytical scheme based on occupati,,nal-task analysis procedures.

TA fL" StfiltP FAITOR CONSIDERATIONS

a~es ndi.3duja~fGroup Charactvristics Leader/Manaement Actions
f*arlmer~iabiTii of syotem,/ eVvsril ed~th, SkilTed task (RfnarTTT7h ,or

ea,'nS hOW tO) rh Dloy, and wat to pterfj.ince, ckilled niterpersonal -.nd stylt- used to insure 4ifective oi-

exi.' 1, Ir, alescuate %e and prformance, inrcqr ty/mental h aith; bat operations and productive effort.)
* u't~.ts.group goals, skills, endurdncp, and

efficiency.)

A. Conc ior ( Sense of belong nq, feel IN a part of sonreth nq , snarNg of probl :ms, or bonding togetl'er of soidiers and
leAders to accomplishI any purpose reyolved.)

1 . A',sure system/weapn, trainin) Cstriste wlnetlier p,-sonnel can 1. Comm~nicate clear leader goals
is related to suitablc skill fur~Ction in more than one (ll job. and objectives for su-vival.
lev.

2. 7 ete"~ine operatiOnali iodi~ators ?* Monitor impct. cif probabe pt-.,ori- 2. Set p-opt examples in combat
to imprnve rombdt assignment. nel actions on trcop C~nfidence, exercises and cocr at.

.Arlyze need to coach or add 3. Ideotiry special skills to cope 31. Initiate motivat'ng rather than
note P 1 for sy~ten/weanon w'th unusucl protileiiSo coercive -/M actions.
te. situations.

4 Ilitntify expected )peratio,,,al 4. Oevelop attitudes to support troop 4. Review and apply colosive practic~es
P'ea s ur es to sustain effir),ncy. loyalty, and information.

Spec ify jt nelptil act ios to b. Support jon svisfartion iote-sts 5. Tak part in a cross section )f
support operator/tearms, in pieparing personnel assignments. activities to help off cial direction.

6. Prject criti, al timne alloc-ation t Oefine duties to take avantage of 6. supervIse And participate i expected

fo' major syste'm'lippn ovaliable skills. ;tandards of e/cellence.

7 fssF,s strengths and constraints 7. Recognize examples of espr it and 7. Demonstrate reliablity 3rrd
in acisieving vririprnt sac, 'ice Ini battle. conipassion in crises.
operations5.

8, tris, PReatiton if the mind/huly to evtLremt, demind with sensa~iops of tension arid anxiety, and which m Ak be managed to
a(,Id deqaded performance.)

1 (,in, -n, l eou100r of coimir - 1. Anal 'zo cjrat expostire levels 1. Def inc procedures to manage stress
c4 ations for systornlweapin select- and parity among troops. continually in action.
-,I to 'Ii leploypd

Essentially, the impact of proposed solutions on Soldier factors is found by
inoicatirng which factors are expected to be affected, with some idea of the
magnitude of consequences anticipated. It may be adequate to merely identify

the soldier factors affected and indicate the order of severity. A morea: detailed interrogative analysis may be desirable to define just what, how, and
®r ~ hy, the "'actors are posing as unresolved and critical soldier fact:or issues.

Re impact of soldier factors on proposed solutions can bo approached by
V identifying those factors which can alter constraints or limitations in

solutions. These factors, if augmented or supported, can act as a "force

Iflutipl ier" for continuous combat operation3).

390

(.J



Conducting a productive consideration of soldier factors engages as much
detailed analysis as a proponent can afford. An iterative consensus is
recommended to relate the magnitude of soldier factor and AT statement
judgments to primary determinants and mission success. Numerous questions are
required in regard to mission areas to assess the importance of soldier
factors and the interaction among such factors. Each proponent will have to
eciae on the scope and level of resolution needed to deal with soldier factor
ssues in the given mission area. Corrective actions and solutions for task

deficiencies require detailed analysis to audit their development from task
deficiency priority to type of solution (i.e., training). A speculative
scenario will allow the analyst to relate the probability of mission success
to morale by progressively assessing a primary deterninant, soldier factors,
and AT statements, as these indicate a need for corrective action.

The analyst or subject-matter panel can select one of the primary
determinants for guiding soldier factor analysis (systems/weapors, individual/
group characteristics, leader/management Actions). A value or rank of import-
ance may be assigned in comparison with the other determinants, e.g., 1, 2, or
3. Next, the analysis process can estimate the magnitude or criticaliTy -for
each of the five soldier factors toward assuring adequate combat effectiveness
under the given determinant and threat scenario. If the five factors would
not appear "critical to adequacy" to the analyst or panel, the scale magnitude
would tend to he at the lower scale values. That is on a scale of I to 5, the
relative priority of factors would tend to vary from 1 to 3. Now, The a-nalyst
or panel can select the AT statements considered most-useful or needed to
favorably modify the five soldier factors by augmenting or enhancing perform-
ance and related perception. Additional or new AT statements or items can be
constructed as may be necessary. More detailed AT items might be prepared
under each chosen item to bring about the consideration or desired improvement
through one or more corrective actions or soldier factor solutions. Next, the
magnitude or criticality would be estimated toward enabling the major AT item
or subitem to be performed, i.e., by rating on the probability of inadequate
performance on a scale of 1 to 5 (low to high).

The final phase of analyc's is to derive a combined magnitude of the three
levels - primary determinant, soldier factor, and AT item/subitem - to
estimate the criticality expected for some composite prcbability of inadequate
performance (Stark & Waldkoetter, 1985), specifying needed change or solution
for mission success. The three-level estimate of criticality and
multiplicative/additive combining of each level can yi Id a conditional/
notional index of priority with analyst/panel consensus for each of the
primary do*enminants. As the most simplistic example it could suffice to base
a conditional analysis on a single primary determinant rather than all three.
If Leader/Management Actions was ranked highest for a value of 3, the highest
rated soldier factor with a value of 5 and one AT item alone rated for a value
of 5 a product of 75 is obtained. hen, if the other remaining ranked factors

391

4;



pR
(1 to 4) have only one AT item each rated with values of 5, a sum of 50 would

result ", add with the 75 for a total of 125. The lowest possible overall
tot~l is IH following such a forced solution. A scale mid-point of 70 and

above Mrdy be a.,bitrarily given as tne hypothetical area in which serious
indications have morale implications and are noted for the probabilit of

inadequate perfor.mance. curther, if Leader/Management Actions in Tab e -r was
considered of highest combat importance, the Cohesion factor was ranked
bighest for combat effectiveness (criticalit.), and only one AT item, 1.

Comunicate cl,'r ledergoals and objective, for survival, was given the
h ghest probabTity-for iriacquate r ;rrce, then the analysis process
would have yielded an :ndication of trouble -n need of some corrective

acion, That action being to make certain the communication task was mandated
in doctrine, trThT7g, organization, and/or materiel to build cohesive
performance utilizing leader action to insure the expected resolution.

This pre-R&D overview offers a procedural basis 'or soldier factor (SF)

consideration that will logically and systematically identify potential SF

rDnstraints and needs related to soldier impact on combat effectiveness.
Analytical consensus and review should strongly influence this procedural

model as a notional strategy. In this approdch it seems logical to infer that

if leaderL cohesion, and communication action, are expected to be impaired by

critically inadequate performance, then moraie and mission success are

inexorably related. Some principle of proportionality must apply in that any

task action for either demands a complementary action for the other to achieve
a dynamic balance.
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COGENT

A RI2ROCOMPUTER BASED CRITERION REFERENCED TESTING SYSTEM

DALE KERKMAN
TRAININ3 DEVELOPMENT UNIT
NAVAL TRAINING CENTER
GRE -EAT LAKS, I L- S NOIS

Co"'ENT is a microcomputer Dased academic management tool that
offers a workablo, reliable, and efficient solution to the
irplementation and administration of crite rion referencec
testing. it provides a means of generatint, printed tests and
evaluating student responses co not only each test but also to
'isin~t content areas within each test. These content areas can
be related to the objectives within the test. COGENT provides

detailed test results which indicate mastery of the course
objectives as well as student tracking and record keeping.

COGENT has a built in test authoring system that cnables a
person to easily enter test items into an item bank. An editing
function allows the test author Lo ,iake charges to an item,
delete an item, insert an item, or move a'o item to another
position within the item bank. Each test can be subdivided into
up to 10 content areas. Each content area contains all of the
test items for one iscrete concept (terminal objcti ve,
enabling objective, lesson topic, etc). In addition, the content
area parameters, which are used in the orinting of the test and
in determining if criterion was met for each content area, are
easily entered into the system with the aut.ior program. Ur to
109 test items may be entered into each distinct content area,

A test printing function enables the operator to easily print
a hard copy test. Pre-defined parameters determii.e how nany
items are se'.ected from each of the content area item banks. A
aximnum ef 100 items can be selected from the c:nten- area item

banks and printed. The test items can be randomly selected by
the computer or manually selected by the operator. The test
items can be printed in random or sequential order. The choices
fsr -'ach ef the test items can also be printed in randor, or
sequential order. if computar el ected and random printing of
test items and choices is chosen when printing new tests each
test printed by COGENT iill be unique from any other and will
assist in minimizing the possibility of test compromise.
Mu]I-.pl choice and true/f a] se items are accommodated in the
est item banks.

% ;ENT will significantly decrease the number of manhours
presently required to prepare, revise, tyoe ar~d print new
exaninati ns. New variations uf a tes t, can be generated as often
as desired.
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-'e -ts are scored 'ron optically scanned answer sheets.

" EN. analyzes not only the entire test but also individual
S tent areas to determine if each student mastered the sub ,ect

;at tr c ntalined in the cvntent areas. Test results are printed
' .t e !ast answer sheet has beer scanned. The rerort lists

;i:2 "  tne students who took the test along with their

i s 'a tP overall test scores. It also ircludes for each
Sj:tu ent a score for each of the content areas .nd a notation

J.at ng any failed content areas. Individualized prescriptive
a:signments can also be printed for those students requiring
r~-.~.~i tor and retest ing. Customized remedial tests for each of
,!he students requiring retesting can also be prin~ed. These
t ts w1l l be made up of only those items from the failed
;on ent area.

.. ENT allows students to be transferred from one class to
another wi'th al 1 test data remaining intact. Students can also
be put into a 'hold' status and then transferred to an active
z.ass. :n addition, students can be disenrolled from school. Any
student that is transferred, dropped or put into a hold status
rpq2lros a e-responding code to be entered so that ,ceports can

te printcd l istiog any and all students by any desired code.

. %E!T provides the following reports:

*-lass Roster - provides an alphabetical listing of the students

incluain, name, rate, SSN, and other pertinent student data.

*Student C'ulative Summary - provides a listing of all the

students along with their overall score on each test. Included
is a notation indicating the students' pass/remedial status for
each test. This notation indicates the number of times each
student was retested i.n order to achieve criterion on all of the
cortent areas for each cest. This report also incluoes each
student's cumulative average and the class c ,mulative average.

untent Area Performance Summary - prints a detailed analysis

of each student's performance on each test. It includes the
overal 1 test score, th ncore for each content area the first

t~m the test is given and any/all scores on subsequent remedial
tests. it Lists the cl.ass performance statistics such as: numl.er

of students taking the test; class test average; number of
;.u,1ens passing all content areas on first attempt; number of
Student requiring remediation after first attempt; etc.

3tudent Ranking - provides a printout of the class with the

students ranked high to low based on each student's cumulative
average. in addition, those students meeting honor graduate

requjirements can be recognized with an appropriate notation.
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*A-ade. c Review Bc.,rJ Worksheet - Drintd for those students
who exoerience acader-ic difficulties. It is used by the Academic
eview Boao' in determining academic action.

*Student Memo - farm printed for students w~o are assigned

remedial study'tes.ing. ir i'sts the time and location where the

reme ia! study/testing will take place and i. used to assist in
.anaging tn e remedial study and retesting prcgram.

*" ist of -ransfers/Dr ops - provides a printout of the students

wto ;e,"e either traa.;fer, ed to another class, cr disenrol]ed
from school. It also in2ludes the transfer/drop code and tne

date %he iction took rilace. This report -an be printed for one

s atdent , all tudents, any zrecified transfer/drop code, or all

transfer/drops codes.

-em Analys-.s - p, ovides a D&V xtem analysis and also a

response count analysis which are used to determine the

effectivemess of the test items. It also incluaes the mean,

median, and standard deviation for the test.

Some of' tne benefits that can be realized by COGENT are:

1. Abil'ty to identify specific problpm areas within a test:

* COGENT grades the answer sheets and ev 1luates each test by

content ares (ooje ,tives). This enables the proctor/instructor
to identify problem areas and remediate to those specific areas.

For example, with conventional tes~ing test covering subject

,, matter such as Introduction to the Naval Chain of Command; Naval
Terminology; AC Theory; DC Theory; anJ Safety Precautions would
oe evaluatea on a students overall test score. It is very likely
that a student coild pass the test with an overall score of 70%

but incorrectly answer the items on the Safety Precautions
subject matter, With COGENT each of the individual subject
m atter are3s (content areas) are evaluated and a report is

ge;nerated listing all of the students and their scores in all
N content areas, The areas where the student filled to meet

criteria ire annotated so that individual remediation can be
prescribed.

2. Rcduction in remediatior/rece~it time:

4ithoit COGENT, if a student fails a test, he/sne is
remediated 3nd retested on the subject matter that is covered by
the entire test. Since specific problem areas within each test

are readily identified by COGENT, the student is remediated and
retesced ONLY on th, specific a'eas where he/she is experiencing

difficulcy. COGENT can automatically generate a content area
:pecifc remedial test that is tailored to the problem area/s of
'aach ,tudent.
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3. ReJuetio': of errors in grading tests:

A tes-ts are comptter scorel so 'tat the possi ility of an

error in grading :s greatly reduced.

4. Reductio in time to update/add/change items in the test item
u anks

The aJt'noring program a! lows the test manager to easily add
or delete itens in the test item bank. Also, changes can be made
to existing items. For test audit purposes, each test item has
the corresponding objective annotated aloig 4ith the data each
I*t-. was entered n to the item bank.

5. Reduction in tirre to validate test items:

Tne item analysis option allows the test manager tc easily
generate statistics which can be use to Cetermine item
diffLicu'ty and validity.

5. Reduction in time to print a new test:

The t ime to print a new test is reduced from hours to minutes
because the computer automatically prints the tests from
predetermined data.

7. Peduction of compromised tests:

All test items can be ranoomly drawn from a bank of items.
The items can then be printed in random order with the
distractors also randomized. This significantly reduces the
possibility of test compromise.

8. Reduction of student/class management time:

COGENT maintains a record of all student performance/grades
and provides various reports by individual or for an entire
class. COGENT also provides a roster and a class ranking reportwith notation for prospective honor graduates. Printed forms for

the Aoademic Review Board for those experiencing academic
difficulties can also be printed. Students can also be
transferred from one class to another with all grades remaining
intact.

9. Ability to effectively administer a criterion referenced
curriculum:

Without the automatic scoring and evaluation of tests, it
would be impossible to attempt to administer an effecti _
criterion referenced curriculum. COGENT automates all of the
functions necessary to perform these tasks which results in a
more highly skilled graduate.
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COGENT is currently operating or an Apple computer with a 10

megabyte hard disk. In this configuration, it can accommodate up

to 26 tests with each test consisting of up to 10 content areas.

Each content area can have up to 100 items in the test bank.

C PENT can manage the statistical data for up to 31 classes,

each class consisting of up to 50 students.

COSE7 is currently being converted to the Zenith model-120

-ith a 13 megabyte hard disk. This version will be able to

manage multiple courses/curricuums with increased statistical

reporting capabilities. Both versions utilize an Epson 80 column

printer for the printing of reports and tests and a Scantron

mode1 1200 optical mark reader for the grading of the students

answer sheets. The selection of hardware was based solely on

existing in-house equipment.

I

~397

- . . .- - 4
- . .-



Mircocomputer-Based Field Testing for
Human Performance Assessment

P. J. Merkle, Jr., R. S. Kennedy, M. G. Smith,
J. H. Johnson (Essex Corporation)

Abstract

The chief advantages of paper-and-pencil instruments for field research

are economy and simplicity, but they can have low response rates, exhibit

questionable subject anonymity and security, and typically they require a
proctor. During on-site investigations of the side-effects from flight
simulator operations, paper- and-pencil forms and an Automated Portable Test

System (APTS) were administered. The APTS functioned reliably, data
production increased, and a high incidence of simulator side-effect
symptomatology was detected.

The APTS is comprised of a test battery and questionnaires embodied ina microcomputer. The battery includes tests of cognition, information

processing, psychomotor skill, memory, reasoning, arid others. The
questionnaires are: a mood adjective checklist, motion sickness
symptomatology (with automated scoring), and motion sickness history
originally conceived as a behavioral toxicology assessment tool, the APTS

scoingsad mti n , sikessuhtory
has dpplicationls fur personnel selection and classification, education and
training assessment, clinical diagnosis, and health care delivery systems.

Several military and university facilities have purchased, rented or
borrowed an APTS and have begun collecting data to determine the
sensitivity to various drug, environment or treatment conditions. in these
preliminary studies one or more tests have been shown sensitive to
morphine, chemo radiotherapy, sleep loss, hypoxia, amphetamine, byoscine,
etc. Some of these results are reviewed.

Introduction

Prior to the advent of low cost, microcomputer systems (ca., 1972),
computer technology was slow to find a place in human performance and
laboratories. Several factors contributed to this lag. First and
foremost, LhC cost of minicomputers was prohibitive for most facilities,
while that of mainframe systems continues to be so. Additionally, the
time-sharing operation mode of undedicated computers, required to make them
cost effective, can make them less reliable assessment instruments than
traditiornal methods; the speed with which such computers operate is
dependent upon the number of users accessing the system at any specific
time. This factor results in inconsistent timing parameters from one
testinq session to the next. If the system is "down" for maintenance or
development, all data collection comes to an abrupt halt. Al.hough
mainframes and minicomputers opened new frontiers for stdy, they did not

prove to be cost-effective for most behavioral science laboratories.

Microcomputers expand the pote.tial for the study of psychological

phenomena in at least two ways. First, they permit more comprehensive

measurement than traditional tests by providing latency and other
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informdtion not ordinarily available with traditional approaches. Second,
they are capable of controlling devices which produce speech, and they are
suited for complex video displays, thereby increasing the number of sensory
molalities that can be involved in a testing situaticn. Microcomputers are

also well suited for memory tests, because unlike paper-and-pencil methods.
they can present stiuuli for short periods of time.

Potential advantages of mlcrocomouters for psychological testing may
include: (I) identification of true deficit in performance from
levelopnental probleiLs; (2) ztandardized p:esentation which may lead to
r.,proved comparability of tests; (3) higher test reliabilities due to more

accurate control of stimulus material; (4) bypassing of infirmities (e.g.,
memory deficits, dyslexia, Oystrophy) of certain groups, with performance
testing ir. innovative modes (e.g., voice recognition, touch panels, large
or back lighted keyboards, eye-tracked systems); (5) more comprehensive
assessment of individuals; (6) potential for new assessment paradigms and
perspe(ilves for understanding of human performance; and (7) possible
provision of more intrinsically mot.vating tests to subjects.

AuLomated Portable Test System Overview

The AUTOMATED PORTABLE TEST SYSTEM (APTS) is the first complete,4l
compact (can be hand held) system of its kind. It is being produced
expressly for human performance assessment whether in unusual environments,
with toxic substances, or with other treatments. APTS is capable of
controlling and administering complex psychological testing routines, while
entering and collating responses and latencies with accuracy and
precision. The batter" includes tests of cognition, information
processing, psychomotor skill, memory, reasoning, and others.

Tne APTS makes it possible to maintain a professional research
workspace. Any data collected or documents written on the APTS can be
printed out for examination, sent via modem to the home office, or loaded
onto ar, external cartridge for easy transport to other locations. Also,

information from other locations can be communicated through external
cartridge or cassette tape (new tests to use, modified data formats, etc.).

The APTS is comprised of three subsystems: (1) hardware; (2) test

programs; and (3) system control.

* Hardware

The hardwdre subsystem has been developed around a notebook sized 8-bit
personal computer: the NEC PC 8201A. Integral to the microcomputer is a
32K internal read only memory (ROM) containing, in addition zo TELCOM and
TEXT EDITOR, d version of Microsoft BASIC. The technical features of the
microcomputer are more fully described in NEC User's Guide (1983). Within
the small, lightweight package, the system has: substantial onboard random
access memory (RAM) capacity expandable to 96K; an external battery option
(8 A h) providing for more than 100 h of continuous operation; and a
built in display. Refer to Figure 1 for a hardware overview.

Augmenting the notebook microcomputer are the wide variety of auxiliary
compoiients. Among these, the (32K) RAM cartridges have proved particularly
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useful in applications to date. For field applications, the APT System and
'Testing Programs are maintained in internal RAM, and, after data
collection, data are transferred to a RAM cartridge for mailing or carrying
from remote sites to a centralized data-base location. (See Figure 1) For
laboratory applications, it is anticipated that researchers may find it
useful to extend the capabilities of the microcomputer with an external
display (CHT), Lpoppy disks, and computer interfaces. Overall, the NEC PC
8201A has the exoansion options required for a wide range of field and
laboratory applications.

Test Proqams

The APTS component programs are developed following an iterative
three- stage process: identification, mechanization, and evaluation. The
identification, until now, has been on the basis of sound metric
properties. Future considerations will include operational relevance and
prediction and construct validity. The mechanization is conducted in-house
and is the work of Essex Orlando's Chief of Systems (M. G. Smith). The
programnning is in BASIC (Microsoft) and Assembly language. Evaluation has
subjected microbared tests to a repeated measures analysis where they were
compared to their paper and- pencil analogues. Although there have been
exceptions (and these were predictable), nearly all have exhibited strong
commonalities.

System Control

The APTS has been developed to provide a human assessment capability
suitable for use in remote operational settings. As presented in the
system overview, the hardware, test program, and system control subsystems
meet the requirements for such a system. The notebook-sized NEC PC 8201A
provides the basis for an easily transportable and flexible assessment
system with expansion options required for a wide range of field and
laboratory applications. Additionally, the development of test programs is
being conducted by a process to assure efficiency and construct validity.
This process is based both on evaluation tools developed for computer tests
and on lessons learned during the PETER Program (Bittner, Carter, Kennedy,
Itarbeson, & Krause, 1984; Smith, Krause, Kennedy, Bittner, & Harbeson,
1983). Lastly, the experimental control subsystem has been simplified for
use by paraprofessionals with minimal traininq.

The APTs has substantial prospects for future growth and development.
Attesting to this are recent and ongoing studies that have indicated that
it has considerable promise for use in a broad range of unusual
environments. For example, both an explosive decompression study and
flight testing have found that the system is suitable for high altitude,
chamber, or airborne applications. TheFP applications, coupled with the
evaluation of the design for NASA ;nd NSF, have indicated that the system
could easily be adapted for orbiting shuttle or space station use by
applying spray coatings to the interior and to the exterior case. In
addition, the NEC PC 8201A has demonstrated robust capabilities to operate
in at least the range of 00 to 320 C, to survive drop tests, and to
withstand multiple airport x ray exposures. The reliability of the system
has been demonstrated during extensive field studies (>103 operational
hours without failure).
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Dr. Sam SchifleLt of the USAF Aerospace Medical Research Laboratory at
Brokb AFB, Texas, is using the short battery (Gram-atical Reasoning,
Pattern Recognition, Code Substitution, and Tapping) at two different
altitudes in a parametric study. Thus far he has shown that performances
are degraded in the following ways: greater deficits are seen at 25,000
ft. vs. 18,000 ft., and cognitive performances are more disrupted than
motor.

Dr. Mary Williams at the University of New Orleans is studying whether
learning curves of persons with identified learning disabilities reveal
different slopes and different acquisition rates for different tasks,
and/or whether there are relationships between initial score, rate of

acquisition, and terminal score.

Dr. Darryl Mellard of the Institute for Research in Learning

Disabilities at the University of Kansas, Lawrence, is working on a
contract with the California Community College system to develop and
establish eligibility criteria by identifying persons with learning
disdbilities. A sample of persons diagnosed as learning disabled are
practicing 10 different tests following a similar paradigm to that being
used by Dr. Mary Williams. One line of this resedrch is Lhe study of
individual differences in the rate of acquisition of LD subjects versus
normals.

Dr. Todd Jone- of the US Coast Guard in Washington. D.C., is using
several NEC PCs implemented with the short performance batteries to study
fatigue at sea as well as the effects oF ship motion on performance.

Dr. Lou Bandaret of the Army Natick Laboratories in Massachusetts is
examining "Tower of Hanoi" and other complex games as tests. He is
interested in performance -ffects of altitude and thermal stress. A study
is now underway at that facility, under the direction of Dr. Charles
Houston, on a protracted, simulated climb of Mt. Everest.

Dr. James May at the University of New Orleans is comparing the effects

of performance of pre- and postexposure to optokinetic stimulation and
pseudo- Coriolis stimulation to determine normals and persons with bilateral

labyrinthine defects. He also has masking, meta contrast, and other,
temporally-based vision tests implemented on a NEC PC8201A, and is doing

pilot work with learning disabilities.

Dr. Ann Streissguth at the University of Washington Medical Center,
Seattle, is conducting a series of studies on the effects of Fetal Alcohol
Syndrome on human performances. There are suggesticns that recent memory
Ioss is d key ingredient in the Fetal Alcohol Syndrome, and one test on the
NEC PC8201A, the complex counting test which assesses a person's ability to
keep track of several things at once with changing states, may be
particularly useful.

Under contract to the Naval Training Equipment Center, Essex has tested
700 800 student pilots before and just after they were exposed to a ground-
based flight trainer. in those studies > 10% reported motion sickness- like
bymptomdtology. Performance data are being compared with subject reports.
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Essex, throuqh contracts with NASAT' arid NSF, has eval.uated the APTS arid
s i.ssuinig rhree reports. A final. rpport of the Portable Human Assessment

Battery (PHAB) has been submitte to NSF. The experimental work for these
effo)rts has been~ conducted by R. L. Wilkes, at Casper College, Wyoming.
" -r a complete r, eience List see Kennedy, Dunlap, Wilkes, arnd Lane MTA

Thus far, two studies have been completed .For NASA(1 and 11). in the
NASA 1 stLudy, T11he proposed 6 minute WIPTS) battery wa diitrdfur
Lim~es dtoriq with analogous pdper and pencil tests. Performance appeared

*stable cine reliable. Two factors emerged. Reprints are available of this
Sst-udy and the preliminary work which preceded it. The NASA 11 study
* addrinistered a longer battery and those data are presently being analyzed.

* The study for NSF iacoiporated a long (10-minute) battery adm, nistered
over 10 sessions, an1 co)mpared performance with measures of IQ (WAIS).
Performnance was stabie for seven of the tests (vertical math and dynamic
vis-ual acuity [new Le ,tsJ did not fare well). Four factors emerged. Good
CorreldtiOnIS with Performiance Scale WAIS scores (multiple R = .89) were

*obtained; somewhat poorer with Verbal Scale scores (multiple R = .67). A
* preiiminary draft is available.

Dr. Fanda 11 Kohl at NASA's Space Biomedical Research Institute,
Houston. is unde~rtaking a repeated measures performance testing paradirni
using motio,i Sickness drugs and provocative motion sickness tests while
performanrce is assessed. Data collection Is underway.

Dr. Pia Parth at the Fred Hutchinson Cancer Research institute,
eate Wahgtn is administering a battery of tests fromth PER

pr(Jd on d NEC PC8201A to patients who have receive(] bone marrow
ransplarnts as well as chemno radiotherapy, and to a related cohort control

groupj over mnany months of replications. The project is in its 9th month
and clear-cut dJifferences in both learning and performance are evident in
the treated group. Subsidiary studies are ongoing using morphine where
peifor-narce decrements on different tests were shown.

Dr. Cha rles Wood et Louisiana State University in Shrieveport,
Loui,3iana, is studying the effects of dexedrine, hyoscine, and scopolamine
on per formance on the short (APIS) bAttery. Prel1iminary findings on eight
subhjects show performances in predicted direzftions with some statistically
sigjn! Licant . Longer tests and mnore subjects are planned for future studies.

CAPT Wayne Cotussens it thu Tripler Hosp'.tal in Hawaii is in the process
c) evaluatirig the effects ot work at altitude anid mountain sickness on

per formanice.

CDR Charles Hutchins and his students at the US Haval Pos~graduate
Sc1,ool, Monlterey, California, hay* shown '-hat up to 40 hours sleep loss
reduces perlormance (p < .02) on APTS Leqts, particularly Code Substitution.

Dr. Michael McCauley of Monterey Technology, Inc., Monterey,
califonia, under a IJS Coast Guard contract, has cdllectEd some at sea data
to stkidy workload, fatigue, dind enviro( ntal stress.
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Thie kPTS has proven to be rugged at-d reliable, but it is the first
generation of such a device. As more test are implemented on the current
APTS and as new compdter technologies develop an even more flexable system
will emer-ge. A current limitation of the APTS is the Liquid Crystal

p Display (LCD) which is difficult to read under some lighting conditions.
IL is hoped that new flat panel displays will be integrated into the next
generation of portable computers and hence a future generation of the
APIS. Future plans have also been made to transport the APTS to the IBM PC
corrpatable environment. This transportaticn will broaden the scope of the
APTZ applications. prjc poved y

Support for this proec prvddbyNtoa Aeronautics and
Space Administration Contract NAS 9-16982 and the
National Science Foundation. contract No. 00559
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Applications of a Portable Training/Testing Computer

Joan Harman, Ph.D.

U.S. Army Research Institute for the Behavioral and Social Sciences

i
In recent veai-s, the U.S. Army has developed and ii.plemented in._re~s-

ingly complex and sophisticated weapons and commuanications sys ems. During

*this same period, entry-level soldiers have demonstrated declining
* reading, writing and computing skills. The discontinuity between inciaas-

ing]v demanding jobs and decreasingly skilled personnel has constituted a

substantial training problem foi the Army. One means of addressing this

problem has been proviued by the U.S. Army Research Institute (ARI) in the
for, of a hand-held, portable, computerized tuWor that teaches technical,

job-relaLd subject matter.

Most computer-based instructional systems consist of desk top devices

that are .;ery costly and are confined to a site to which users are also
confined in order to benefit from the instruction provided. The

four-pound, battery-operatea device called the Hand-Held Tutor, thqt was

devcloped in accordance with ARI's specifications, is intended for
out-of-classroom environments (mess halls, motorpools, barracks, etc.) to

convc.rt waicing perioa0 into training opportunities. Eacii soldier, there-

fore can worL. with tutor independently in a variety of settings rather
thau sharing a miclocomputer terminal at a fixed location. The device was

also required to incorporate the following features:

I- diagaosti. pretests

2- self-paced instr-,ction

3- an.in

4- in truction compatible with varying initial knowledge levels

initial motivation levels
rates of learning

5- frequent corrective feedback

The extetior features of the tutor include a 9" by 11" plastic case

with an indentation molded on its top surface to hold a 5" by 5" booklet
that provides instiuctional information and directions for interacting
with the ccnputer. Above the booklet is a multifunction liquid crystal

N..
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dioae dis1 lay screen that includes a two digit counter and twenty-nine
charactcr space for questions, instructions, definitions and feedback.
Belo . the booklet is a keyboard equipped with domed conductors to provide
tactile feedback to the user. The keyboard displays numerals 0 through 9,

letters A through !, and the words SAY, ERASE, and GO. Beside the display

screen on the upper front surface of the tutor is a built-in speaker and
in the rear, a jack foc alternative earphones. Also on the back of the

tutor casing is a jerk for a battery recharger, a switch/volume control,
and a receptacle for plug-in modules that encase a computer chip

programmed for the Military Occupational Specialty (OS) instruction
provided in the ac-Qmpanying course are booklet. The plug-in nature of

th- module offers the potential to permit the essential hardware features
to a-commodate a great %ariety of HOS instruction. Selections of all
features of the tutor were based on cost, availibility and human factors
considerations. For example, the displa, screen was chosen to optimize
brightness, contrast ratio, size, character font and iegibility within
size and cost constraints. The printed courseware booklet represents an

economical alternative to systems that store text and graphics in computer

memory for display on a CRT.

The major considerationb in courbewaLe development included multiple
teaching techniques (gaming, drill and practice, et:.) to maximize a match
with individual learning styles, initial knowledge levels and rates of
learning. Users can malke selections from a :nenu of teaching/testing

options th..t include gaming. The booklet incl,-des many pi-tures and other
graphic presenta4 ions and the computer provides both immediate and delayeL..
visual and oral feedback to responses to multiple choice questions.

The courseware is divided into units that are sequenced from less to
more difficult to promotc an early experience of success by the user. Each
unit consists of a Pretest, Explanation, Picture Battle and Word War.
Users can ch.oose any unit to work with and any component within the unit

selected.

The Protests are short tests that are intended to establish whether
the user is knowledgable about the subject matter being presented. If all
but one or everv question is answered correctly, the final score is
presented vocatly and the user is permitted to move co any other component
or any other unit or, C desired, to review the Pretest. If more than one

answer is wrong, the user is directed to return to the first Pretest item,

reviews the test with accompany;ng corrective feedback, and then is
directeu to the Explanation component in which the subject matter is

taught. This component includes test questions as a check on the progress
of the instru-tion.

The Picturc Battle component requires matching pictures or graphic
presentations with visual/oral stimuli. This component displays projec-

tiles at each end of the display screen representing friendly and enemy

targts. Correct responses result i% movement of ine friendly projectile
toward the enemy target and incorrect respcnses result in the same kind of
movemcnt of the enemy projectile. The objective is to destroy the enemy

-I
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target befo'e it reaches the friendly one. The impact with the enemy
target is accompanied by a sound resembling an artillery shell exploding.
The impact with the friendly target only results in both projectilos
returning to staring positions to re-start the game.

Word War is a component that is independent of the booklet. Both
question. and multiple choice answer. are presented by the computer in the
form of eleccronic flashcards on the display screen. The instructoiial
method calls for drill and practice in an increasing ratio review format.
That is, incorrect responses result in the question being presented again
after one succeeding question, and once again after three additional items
have been presented. Multiple choice answers to questions anskered
incorrectly are randomly selected from other choices stored in the tutor's
chip. Also, the position of the correct dnswer choice is randomly varied.
The saccess of increasing ratio review has been demonstrated to shift
learned information from short to long term memory.

The tutor, therefore, incorporates varying teaching techniques,
presentation modes and kinds of feedback in order to enhance acquisition
and retention of the selected subject matter. The courseware is heavily
weighted with frequent, short tests to permit the user to monitor progress
in acquiring tr needed Information and to focus attention on the most
relevant materials.

In 1981, k.RI award -e a contract to Franklin Researzh Cnter (FRC) and
its subccatractor, Educational Testing Service (ETS) for initial develop-
ment of the tutor. To test the feasibility of the device, it was decided
to take advantage of the existing research foundation in computer-based
methods for training vocabulary.

Accordingly, a vocabulaiy tutor was developed to teach technical
terminology to Cannon Crewmen. This tutor was evaluated at Fort Polk,
Louisiana, and Fort Drum, New York. Results demonstrated substantial
increases in scores on a v-,abulary test, that soldiers enjoyed using the
tutor and that they found it trouble-free and easy to use. Most soldiers
tried all of the components in the unit., and most completed all of the
units. There was a considerable difference between the fastest and slow-
est time required to complete ali units, which suggests that self-pacing
is an appropriate feature of the program.

In 1983 FRC and ETS were awarded a contract that called for the
adaptation of the tutor to t(-arh mathematics. The coutseware was devel-
oped to address the needs of MOS 12B, Combat Engineeers. In addition, the
cortractor constructed a RS-232-C serial interface for the tutor. This
effort provided a hardware,'software data link through which the tutor can
communicate with other computers. The demonstration model permits the
desk top rnicroc)mputer to download course materials to the tutor, which
can zhen be disconntcted and transported to another site for study. A
dianostic feature allows for the microcomputer to upload responses to
test questions, assess the needs of the user, then download approprlatt
homework on which the uber can practice before returning for retesting.
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This development greatly increases the flexibility of the tutor and

provides the potential for storing instructional materials for a variety

of MOS, each set of which can be transferred to the portable device as
needed.

In 1984, ETS and its subcontractor, Advanced Technology Laboratories,
were awarded a contract that required development of plug-in modules to
accompany the mathematics courseware. This application of the tutor is

under evaluation now at the Naval Ordnance Station in Indian Head,

Maryland. This evaluation site is appropriate because the mathematics
needs of the MOS 12B soldiers proved to be cf so general a nature that a

broad range of service members are expected to benefit from the instruc-

tion. In addition, the contractor is in the process of adapting the tutor
to provide Ml Tank Commanders with instruction in fire commands and de-

graded mode gunnery. This application will be evaluated in January of

1986.

The next application of the tutor planned by ARI is for instruction in
English-as-a-second language. We intend that this version incorporate a
miniaturized tape recorder to simultaneously teach reading and understand-
ing spoken English as well as pronunciation.
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DESIGN OF AN CCCLTPATIO14AL DATA ANALYSIS SYSrTM

MAJOR C. P. W10 ROYAL ARMY EDUCATIONAJL CORPS
ARMY SCHOOL OF TRAINING SUPRT

iNf~YTR T!ON

l.The British Army has for sane tine based its occupational data analysis
programne on a version of CODAP inplemented in the IBM format and currently
running on an IBM 3083 mainframe caTputer. This version has been superseded by
CODAP 80 which was considered to be the natural progression in CDAP
evolution. Its proposed implementation however highlighted difficulties that
would constra-un the exploitation of -he power of OCC)AP 8,. It was decided
therefore, that in view of the progress made by the United States Air Force
Human Resources Laboratory in the development of Advanced CODAP, the time was
appropriate to review the Army's requirrents and investigate the possibilityof creating a dedicated occupational data analysis system.

2.The aim of this paper is to describe the analysis of the total requirremnt
of t1e Army and the subsequent design and specification of a suitable system
that best meets those requ-uements.

SYSTEM ANALYSIS
3.The decision to use a formalised system analysis technique was taken at an
early stage in the investigation. The technique chosen was Learmonth and
Burchett' s Structured System Analysis and Design h, i) ,hic i
V&nistry of Defence approved system. SSADM is a data driven rnethco] which takes
as input an initial statement of requirement and produces the following
outputs:

a. Program specifications
b. User clerical procedures

c. Operating instructions
d. File design or data base schema
e. Plan for testing and quality assurance

4.System analysis and design is tackled as six phases with each phase broken
into steps and activities. There are clearly defined interfaces .etween steps
.n the form of working documents and criteria for review and project
reporting. These six phases fall nicely into two sections:

a. The What - Systems Analysis
(]. Analysis of Current System
(ii). Specification of the Required System
(iii). Selection of an Option for Implementation

b. The How - Systems Design
(i). Detailed Data Flow Design
(ii). Detailed Procedure/Processing Design
(iii). Optimisation of the Physical Design

Current System Analysis
5. The system analysis in this instance was a fairly simple process and did
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not requre a great depth of investigation of data flow. The. current system,
though ncorporating an autattic data processing {rocedure, is fandamentally
a tranual one. There is no standardised c'lestiornaire format and the design is
very much a matter of study team, style. The transcription of raw data fran the
o'iestlornaire to a ccrnxfter readable fon-iat is a dat. preparation bureau
activity whch produces a magnetic tae contair.ing che data in ICL forimt.
This tape is riled to the cxmputer centre together with a magnetic tape
transcription of the job control cards and run wi+h-zn the CODAP shell. Results
printouts are sent to the iritiating agency for subsequent analysis, and, if
necessary, re-runs of the data with other options from the OAP suite of
programs are ccmpleted. Finally a report is produced with appropriate
rexmrendations. A modified data flow diagram is given at figure 1 which, for
the purposes of this paper, adecpately describes the current system.
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f gure 1 - Cirrent System Dat- Flow Diagram

The production of this docurrent achieved two aims, firstly it ensured the
analyst had a ccnplete understanding of the system and secondly, it enabled
him to identify those processes that ,ere responsible for system operational
shortfalls.

Problem Definition
6. There were two areas where proble~s, occured, those that were inherent in
the CODAP system and those that were a result of the particular implementation
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at the Rova 1 A=r~ Pav Corrus Car-tu tex Centre, (RA-FC CC' . The% are addressed
sejaate ly below.

a. inherent Frobler-s
(i). The version cf COA in Lse is a translation of the
or a! l USAF SPERFY 1100 CC4DAP and reflects the state of
ceveloirent in 19,77, (the year of accmisitior). On-line data
base interroatio, is not . ssible. Confrrmation of a point
or the estahi ishien t of a trend req,:ir!es a re-run of the raw
data wl.- freshn oz control cards. TPnIs process is lengthy as
f.-Esn camriter run-tny slots n.eed tc be booked.

u.The r rocessed data is output in, the form of tables
hibrequire sare expertise and Fzitiece to translate. Mhen

id.-ent f ying trends this is arduous and encourages
,..sL.crretaticn of the facts.

(iai'. Thr~ere is a lan-at of 999 task history andjor time data
iters available to each study. Though for sare studies this
is mo~re than adequate in many of those proposed it
.ray well ne a constrairnn factor. in a recent study of Arrj
rra-crs' education the questionniai-re had to be "sliced"' to
a cc ca t e sane 221,1. data ite;n-c frcim 600 restx~rsdents. This
consideranly added to the analysis task.

Wi. CCO)AP was desianea to utalise Optical Mark Reader, (C!'2)
data lnj ,+t periphecral s. The host Cairputer Centre did not
pE rmi t the use of this facility in the origi-nal iimlexrentation
for security reasons. It was feared ASTS contLrol of the
data,(and by aiplication the cmT-iter), would ccxnprcrnise the
integrity of the syst(-Tr and its other applications program's. The
result is a resource intense and time consuming data pteparation
process. Cuirrentl based on a bureau, the data magnetic tape is
prepared in 1(1 formaet which has to be transcribed into IBM
format prior to run-tiOnc. Sl ippages do occur in this procedure
giving worst case tiimes in the order of 25 weeks for data
preparation. The best case was 3 weeks with an average of 10
weeks.
(ii). CODAP is a low priority task at the Car-puter Centre
::nsequently the,,r resource and time allocation to it is
limited. Th-is further aggravates the problem indicated above.

Specification of the Required System
7.Traditional job analyses for training have concentrated on the collection,
amongst others, of information relating to task difficulty, imnxrtance and
frequency, (DIF analysis). Though apparently simplistic, all of thiese factors,
if taken, in isolation. are liable to produce data that will ultimately result
in a wrong interpretation by the analyt and subsequent incoirect training
decisions being made.

8.To seek estimrates of cask difficulty alone can. result iii invalid training
decisions. Estimates can Le mrade V% the w~i~cxbn based on differing
factors, size, weight, environment, availability of spares as well as the grore
obvious and expected respons-s concerning lack of traininig, lac.k of practise
or lack of ability. It )s now accepted that a less amibiuous measure of
difficulty is the tirue taken to learn to perfonr, the task to sat~e required
level. This factor has some value in skill retert-ion analysis.
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9.Siraiarlv esti-ates of L-,Lcrtance of a task are of little value without
fu.ther anvlification of the frame of reference. The estLates of "imprtjance
to wnar," ari "-1-ortance :or wnat" can oecane ouite sub3ective and difficult
to quantify. if it is =rcr-tance that w- wish to neasure then the -oh
incunbent s supervising officer is better placed to nake that assessment.
Within defence requirnrents, ipcr-tance can De considered to be a composite
of:

a. LancLdiacy of skll reaarenent after training

b. Consequence of iradeuate ora rajjnq

:.?recise 7eas-res of frecuency of rfor-ance cannot be r-ade by job
i-nrbents, often due to the cyclic or seasonal nature of jobs. They can,
-ever, i ,dicate th at they spend miore tine on one task than another in
relative terms. it is accepted that such a relative Lrte scale can produce a
,rre reliable reasure of t-ie spent on tasks and that suLsequent calculation
of percentage involvre-rnt i.s more accurate.

1I.These factors were aco2pted Dy the Army at the t~e CCDAP was first
i.wlemrented, in reality it was a ma or reason for its aquisition. The
s...at"cn has not ch;anged, COCAP is still considered to be the .most

aj,,rci riate analytical tool available to malit2r" occupational analysts and
training design-rb. it was de--Ided tha any future occupational daaly =is
system should be based on the ost recent developrent of CODAP. Therefore
system design should concentrate on Lmproving those areas of operational
shortfall identified in the analsis.

12. The ,rcst L-mrtant reouirement for a .odern occuational data analysis
systEsr is an autanated data capture facility. Data caun oe rapidly transcribed
from standardised questionnaires and input directly to computer memory. This
is an C(k operation. The ability to interrogate the data base in real-tine is
an advantage. The analyst should be able to manipulate data in an interactive
ranne using an on-line query language. Care also must be taken to ensure the
system file and record lengths are of sufficient nagn:tude to handle the
largest studies. Failing this 'slicing' of the data should not seriously
detriment the study.

13.The output of the system should be readable with an appropriate use of
graphics to display data in a format such that trends are highlighted. A mre
thorough examination of data relevant to the problem is then possible. The
total systen must be able :o respond rapidly, (within one week), to raw data
input from respondents. It must therefore be cc-located with the s,-stem

mnagers, the systFn hardware being dedicated to occupational data analysis.

Possible Solutions
14. The alternatives available to ensure the continuation of an oc-cupat~onal
data analysis service azc as follows:

Option 1 - Continue with the existing system.
Option 2 - Inplement CODAP 80 on the existing conputer.
Option 3 - Implenent a comerciai package, (es. SPSS ), at the RAEC

Centre.
Option 4 - Imhrlenent USAF CTODAP at the RAEC Centre.
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: rvi,;s~ zrecl,,e it train consideration in- all tb.t the rcst e>.xa-r- of
c* -stanCes-. ne - e ava anahe to th.!e Arr:v s Tra_,ng Craanisation would

-L _r-c z to c:.tinual degrac7ation ca 9n eventually to, iireficient
-,'ing ;hit a:! thn.at that j~~s

* > .htion - CHAP 5C was designed to overcome tne def--ciencies of Q2CLW. it
w-2 t tten _1n FORTRAN, arxi al dcjzren ted. There have hctkever, been some

Szncrtf:al'Is -i the expec-ted prcxgrarr, run-tim.- tar-get efficiencyi. Though this mr~y
wel :ca tle on a uted~car-ed systemr, trvis is not the case with our host

=-z;'..er. 1in- -ne s :reasurEd- in rh-urs or evE-n days would consign CODA? studies
to tncse :_eriodcs least sed by tne o~eratiornal system. The outom2re of this

-e a-, -en ior trn ai'xin fo)r processed data. I spsii
th-alt the :AEC CC wculd ccrnsider tne task too resource demanding and not
clntinue to nocst CC.P. A cno and perhaps moare Lmportiart poi-nt is the
::rcvision cf interactive fac).ijties to ASTS. Us~sof CCA? 80 are able to
_interrocate the data rese on-line. The analyst is able therefore, to
7ar)-pulate the data and ran the requisite programn ihat best meets his needs
:rar a irt--cte ter-rral. To a-=_e~.e this a cicarina -.at4os linrk wo Ild nee to e

_lazsneo netween ASTS and k;--C CC, (a dastance of .c=r 70 nae' T'e 'ilk
,%ouid be a British Teieccrr !eased line, (telephone line), and would require

B~ca-_atihIe terrnina;.s at cacn end to en-sure correct carrainications Iprotocol.
At t.:-is ti:ne however, t-he RAFC CZ, inaist on the tennal being able only to

*access -aa and not to iranipulate it. The reason fur this is th~e secunri-v o-f
tne IFAP CC carrvutet syster may be cranpranised and unauthorised access to
cih-er Lroigrars possible. COA? 80 is essentially an interactive- -,'.xi-ur- arnd

~.totthe ab-AItY to sort data- ard ran prog~rams f1rar a local terminal, much
* of its rcser would be Lost. Sixuiariy C(LAP 80 can accept datta fran Ci4R data

in thf? raSt -CCCue not :rctdt2eir u;se.

--. J~~n 3-Several carmiercial E-ackaces were :invtetigjate:d and a genieral
~Itnt on the-,r sultability was that none were specifically designed for

oco-natinal 7ata analys-is in a alit-ary envirorirent. Also as fa-r as can
3s:er-tained crm the- literature they are not able to produce a job

* d escription. Cariercial packages -.re quite expensive , typical costs over a
;: ,e year period are £47750O, ,costs for SPSS )

*18. Option 4 - This option is based on the mrost recent inpiexentation of the
u:SA CODA? running on, a SPERRY UN~i/AC 1100/81 mainframre caqpter. A
~rce'Iiranary investigation i-nto thias system is encouracaia, it would appear

--that those snortfalls of the k-Lirrent CODA? systemr have been overcane. A
r-r resentative (-f ...STS w1 shortly vis~t the USAF i2,L at Brooks AFB to

,A -crniir the suita-bility of it to mieet the requiremrents of the Briiush Army. An
~4iI~ecatcr.o- this version c' CODA? wcald be hosted on a SPERRY Series 11

ccnuter ru.nirg ade the SPLkiVY 111Y upierattnq System and located at ASTS.

Proposed 575 tan.
])~.Tlie proposed systeir snould be riased on Option 4 and should oonsist of USAF
CODAP. (if found to le suitable), running on a 3PERRY System 11 cnputer with
Ajanczated data innt'ut peripherals, Ck1P, and appropria' output devices, VV~s

and printers. t'his systern to be located 3t ASTS aryl .taroged by the Systems
Grouip 3f the- iRAL ari. te u&i'tIto ocopational uiata anai~sis. The-er I tirz t -,e systors aralss -outine :-n specitying hardware without a
design phase is justifiled by thc fact that "",)AP was written for this, seraes

* . . * . * ****2



o: owrtr r x~1~s~-;.o ishr ~e Any re-cxnf igurati on
tc mr.ir ,r res-ult in ar. expensive and lengthy przce-ss

cf:t cxo: ialtonal efficiency- at the Fna, thus, narrowing the
1 c: :-e. T,-, &>:,ut-stlon fnas Leen tnoroughIny investicjated and a

s.:i~z>ne~r~n ~d~zieo.Trus is a KAISER C12R 80 which has the ability to
read - z: s_:us of, a cxcnn praac.rss and icr 'if i~se dcunents that

The C',T 80 can read~ up to 10,000 docurrents

2C.he isava c: ~ too is its rach initial cost, in the region
of £ZJ Te v~~.c~ hc &er id rn~re tnan ccar;ensate for this in

s;:c1::c2:.c sav.,nc~s of trairn_n tiame and in the establishirent of an
e~e~a:'.,: eoficiEn-t tzairnrd s~sterr. This system would be able to take

* acaz ~ ~ ~.xcn nxthe USFHPRL wazn tne improverrents to the
s r\.,-, c tna- ~n ta~-. Aisc the Series 11 ccinputer would possess scir

sjazt care, - . :or ctrner tas.<s, ea of f ice mranagant systerms, library and
*coarse adr i nstra*taon wracn ,i: I add to the general efficiency of this

Sccr-_ri. Svsz_ *,.% alr is a fact t-hat a syster. without a clear
rLqx)se n s.aitablIe oocnnrolina feed-back will evnua' degenerate to

C:..c :-s - -c~i n a scl'2ntif:c nethboology S,
tna r.~u~~ saco-araltit~i~ or, ec-tives derived from~ ccrrprehensive job

cisr:~ns. -~-~ i~thi Iciii of inturnal anod external valid~ation
* provCt2cS t.c corl .nc c, s;i E F the rLraininy objectives are valid such that

CCU24 nas3 s:icri ccrinns ii. tnte capt-.re and presen'Cation of data. There is sare
aod o tn(, :l~.~- w- !PIJC CC to continue to host, CODAP. The tine is

r:4t c a~ ~~zi:tri n r0c'ct problems with a umodern version based on
a a: . c1 -1r1.1-cun'- t.. arct. cont-rol of AS'II;.

riw:'u c,' ,x rit q~er thcrcfoic, thia:

~ t>~. ic:aso above, che USSAF version of CODAP be adopted

~ o ~rCaYE-L~irade that is able to run CCDAP,
Lr~:Sv-tenv 11 ccirqutei, peripherals an-d a KAISM~ CkIR 80.

S.A C, CAP InsutAnc- ai d nageneit ce l! be est-i±bl ished at ASTO to
co '1- :, advis.- r aim wmanage the occpatinal data analysis

rr: rkmrxitr cll tne Army withi a [/ossible extension to the Royal Navy
ano _iuit Royal AMr I'orc6'

AA



I'P1.EY iTATION OF A IR FORCI AS(j! COD,',''.
NEW VERSUS OD s ri,

'I lain .. Phail-n
Air For,.- Hu-'an Rrsour, s Labur-tory

brookq Air Force Base, 'exas 76235-5601

Micha,.I R. 5tait\
Johnn- J. '.sei qmullor

Tvxas M.AXINA\ Lorporation
San Antonic, Texas 7209

i . E OR REI)ES( . N OF 'liF CODAP SYSI-E'

I nt rd,c t ion

I',- rinc ipal occupational ana 1s Ltciinolog\ in thc Air Force is

tl,, 0,M p17k.thn S Occupational Data Analysis Programs (COuAP) software
tii ' ct,, ,i- ,ipportcd a major occupat ional research program Iitiiin the

Air Force Human Resources Laboratory (AFIIRL) and a major operational

~~igtioa iaI~t;program w-th~n the Air Foc cipta l ea3-trpment
(rnt, r kLSAFhlt) since 1ib67. From a software standpoint, CODAP can be

oefinod as a package of computer programs used to input, process, organize,

and r,.port ,)ccupational data from job inventories. From a measurement

d t ,, nt . CODA? c an t'. d, fin,,(! as a et of procedures wh, 11 focus on the
,na sqi- and compDarison ,f individua1 and group job descriptions and the i

.soiciacd io-raphical data, as well as on individual tasks and groups of

tr (task P( mduls) and their associated characteristics. From an

. plicat ions standpoint, CCDAP. can. be defined in terms of 1ts significant

,n rIbu tIons to the mi ssion accompli shment of the Air Force manpow .i,

r w,-nneI , anI training mana 'ement (NPT) functions. These contributions

I !,ude: providing a data-based approach co e' aluating and updating Air
F, rcf effice r and enlisted cla-sf~cation structures, providing an empirical

-,ieans of restructuring and redesigning jobs, providing data that has be,,n

inqtru,> ntai in ,1Iminatl n unnac,s ary training and in pinpointing specific

train i ng requ 1 r- nt s , and providing a sc i ent i fical ly scund basis for

I o nin entrx-levcI at tudt- requ, -ments across career f Ilcs.

2. Prch )m

JIh ( ODA P ;vstm ocean 20 years ago as a software package of

approx mat ,,nkral-puruoqc programs. tHowever, in order to 1,oep pac(
with tbi ropill. expanding needs ot occupational re. carchers and anilNsL-

'in~e that t iu , the syst,.m xas forced to exprnd unsstenmatmcallv into
whan wht c 11 nC i1i s an pr gat, )f ore than 60 gene ra I -pu r posc prog r ams . Ovtr

t i c, th s st T be ame incrainl1y dIf f1cult to wa1nta n , modify, oi
ntr ont V Ithou t cxt 'n ivll prog r iht,r tra inIn and expl)irlI n, . Manv of tit

prgram., P bl htn nastilv devw loptd to meet short suspeusIs, 'i th 1 ttl,
t II

'  
1Va 1 1 0 t n 10 [ (d'1CmIn, ' prelcr program (fo(umenta tion; and iianiv of thtso

pro ,r XT! ,re part iillv r, dmdant wmt) already existinG programs. l1 I

,Int tI I tin , \st~ n ble' n I ( , t in a varmet\ of f(r Iats and stored (n
a vanr tt t Tr, ii h\ , a , l,.I I 'cke n t piogramn(rs usin g a varlety ot

Ir I III Ti I t d mrd n I U t and advanced ,i vi opms ntq that Lh-id
t TL1 0- OL I. IT '. F. or I '11 tinr 1 l d th t 1) N, It tet oxI t I t1
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prcr:~run more, ef fic itntly and interface more easily.

Mhe ((,I AP systvm had rot onilt gro ,n i- size and complexi r% Sinct LS
n..~~t nOut t i.. _v, Iktiona rv process had become increasinglyv rmr dyniamic

a a direct resulit of signi icant- hardware improvements to the AHRL Sperry
,vStoml , a;or enhancem' ,nts to the basic stracturo of the CODAIP scftuare

~VtFa er, wi ng 'ophi,;t-catior. in thte methods and procedures required b-y
Air F'c:'ccnpat renal rt-searchers and analysts , and a ',.ide- rang2e ot use.rs

*iapplicatiori,. Const',:u:,rtly, it be carne increasingly urgent thiat a m,3jC--
S1t',r e de s i gn v r tort. b1e launched toc consol idate andi uste Lo b., ,t ter

* adv-antage, the many add,.tions and modi ficalions that had been incorporated
* into CODAP -v,,r tht years and to create new technology and sot tware to meet

Z1c t2 u rr entL andr antic ipated Ire, t i o iog 0,i caI and appl icat ions
* re_(,uiremntsL of CCDAP users.

F. 0FJ FA TVE S

"it, -hjctve "ttecDPrdsinpoetwr to improve Air Force
C ',Ia t io nalI analysis imet hodoclIog y, translate methodological iiaprovements
I rt o I& 1 t ec h ,I ogica I capabilities, stand:1rdize occupational analysis
procedures, arnd generate efficiencies in the occupational analysis proccss
fi~at .:,)ild significantly improve quality of product with substantially less
cxpenditure: of scientist/analyst man-hiurs and computeor processing time.
I ncrt aszed data ,roccss ing officienc would also make feasible the develop-

* ment of complkex anoalysis programs, especially in tile area of automated job
3as;-,si, that vwuld otherwisc' hatve b(-en too costliy t-o run.

Early in 1983, AFlIRt negotiated a task ordering contract with an FA
* (~ 1 Ens mess , ininori rv-ouned) contractor, the MAXIMA Corporation. The

firt task subilitted to MAXIMA was a 26-month project (later extended to 29
* mo-nths;) to re!write/convert the CODNP systotr, as needed, to bring it in line

v i th thle most recent standards tor sof tware development , some of which
rpreserted requirements establ ished by the iAFhRL Technical Services

P ivio (TO,). The initial meeting wirh the contractor identified the
ol low; ng as tic(- mos t urgent needs for rev ision of the CODAP sy'stem:

1. onvert in tile general -purpose LODAP programs; Irom FIELDAIA FORTRAN,
wh+ich was no long!er being, supported by TS , to tile FORTRAN 77 Stanidard (ASCII
I- oI FAN" S ('AI I " i s a. aI-r on vir For the t Arner i c an Siandard Code for
In t orma t in In t erciran e .

Convert ing tthe ut ility pr !rams I roin thle old, 'I S-doveloped P1 L01
, i i ~ac , which was no 1-,nger b, i rg support( d by Sperry , t o thle new,

I s-cleIoped P~RISM I an,,iinge

3 . (onvcr ti fl the s \stenm l from ai var i-- of forinats to sta)ndard-
11a3ss storage ii Is,, WhkcrOVOI tkrie.

'4 1eeon inp it 1 1ed proc esi n , procedures ( riinstreamn genoraters

I or ol tI -ue trgl sr i n -s

L-rov III f o atsI otI pI i1te(i reporti to enhance readaihi I i ry a nd

Cond uct n): ,%pl oi atory dt-v- Iopumcrt ot row aina Ivt ick czp 0)1 i t ic

*Pl lae I Iv in the are-i, o f pro I 1. :na IVi. vnnh i rarch i Il 11-'t er irI'

'HIM
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uv -, - ,' ,r in (ca, s x a~k ) t'd tcII .1,iogV, n ~ a,,tomait'-d Job

'At tu r.t' t', t Ing, al-, m ijor nc%, Ai r F,,rc rt, m np,,wer, p,,r snneI , and

ran (M.: ) programs which would rtqu ire ti,e extensive ,se of
, C, tIoncl ,Ivv data w,,re disc us ed in term. of how these orojects might
ilr'pt ti; pl 1,3-n f tCe COPA A ;desi bn. Fxamples of thesc emerging
-ppp -c'lI or I 'I-, - hc research :i.: d dcv IoFrrent (R&D) projects as: the

.rair' ng L, :.-ios stcm (TtS) , the Basic (Co' ?nitive Ski lIs Project, the
,Ivancc-d On-the-Job Iraining S s t o, (AOTS), th Task Qualification
. -;ren r ITQA) Project , th, Task Idetification and Evaluation System
(I!FS), a,.' var. us Performance sasurement projects. In addition to major
oro :rams, tle n,., UlPAP svy trm ,ou1d be rou uired to support new operational
.p'Ipt cat 11 for Air Force manaicrs and decision makers. An example of such

. pp i 1t IoI w ,, Ia be1 the uS, of C(DAP--ba.;ed occupational survey data to
tst" :i-* t.st out I ine t ii, irPort.ance " specitications for the

.velopmt ut ! ni - ted prowot i n testq.

As a c-r-,e:',,nc,- of this mee-ting, three i'.ajor preject oLj,-ct ives were
,Jhntifi,.d: increased operaticnal effiienc-, improved syst, maintain-
a: itv, nd expanded analvt ic capabil ity, ach major project objective
wi, in turn, further broken down ;nto zechnical goals, which will be

'r, ;entd arid i scusssed in the nt-xt section, no longer as goals, but as
reudeslun a,,umpis srrtents, Ilnese a c'(np isihmnts siow how the redesioned
(C,.\P ;vstem (ASCII CODAP) differs from and is an improvement upon toe old

CODAP vs ter, ( ILDATA ('(DAP).

Iii i: PIEi:..'.,"ATl ODA VERSUSRDESIGN: L R Ll, SYSTEM

As corpart d to the old FIEIDAIA COPAP syscem, the new ASCII (ODAP system
1 a achipvtd tho three major proicct obipctives list(d in the previous

,ction, as follows:

A. In ASCII ('ODAC, Operational Efticiency Has Peen Increased.

I. Run setupa hae been simplified.
- Functional program names used
- MInemonics employed to n:e conir,1 card options
- Control cards standardized
- Program execution by processor control cards

;nc rcas I lexibilit in lilename specification
e eliminat ion of separat,, filename cards

. it trails have been improv-d. 'I I first pae of evtry report
c; n tain, information such as the reporLt ID, when tho report was

reatoId, the IPs at "I I input ii ls, options stelcted, and
applicable soijct ia or cutoit parameters for cas.s and/or tacks.

F.rq''-ouirc, .itiizat ion ia' bneen improw.edt

- P'idiic,, d corek requ i rt'mt nt 1 or mn1)V prograM) c
- l, 9u .v,'1 rf lno , t I"'I. tor rnn\ ,i,%ram ( .g.. ioP description

pr ,r im tins i0 t ii, a Isttr)

- i t 1n,ition (,, thr, -ro cl ti .s

A4
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-1 ,rnarourd Il.a- spee deduL.
- Ro'i- uzec c r e recu I re~!,t S rulnn Ing L i mes of -nan\ f reue nt I

r unr , -lt e-xe un prcgrars a, w,1 a S thke I i n-nat ion of
tnr~ -~'~ ~tiles , has permitIted dayt ime rkirin ing of these prugra.is.

- Conversioni of f iles to macs s tarage f orzra t h a speedud ut
prate ,s ing cinl - 1 1 ws on t program Li clb were i.rcvi oiu I % run
oInly r. har<bnx~u to b: r,,,n in deManl mod, .

e*Fe~.er ru-' are__roqu ie,' Lo accoirpl i-o a t 'indard aualv,;i s
- Fl'm-' at ion ot redundant pro-arams
- COtirnirg ot rrogrvi-.s 'v.nich perf-,rir rt-lated fuinction-

-De ,eloprnent oif fun-_ticl-all% pur, prog~rars (c-f., salrri.l' seie-_ction
e xtraicted from 'liltiple program>- oid c~nsolidetked into a single
n r a ram-)

6. 'ra~nn.~requirtmr.sc tor _omnpiter tcncashv er~npiid

-Devolop-ment. of corpkter-tased training package (in progress)
- Setter documentaticn
- Peduc:ed numiber at progrars,
- Functionally puire_ prer.;-s
- >Inpmonrc control card options
- Visiblo cue report format spec~fications
- -''inda-diztd control cards
- Automatic Process generation
- &'epir te report file process

F.In A~SClLI CODAP, systen) maintainability has bee-n improved.

1. Stiuctured rrog;ramning used.
2.Conversion ~o FORTRAN 77 Standard (ASCiII FORTRAN) and PIS'.

3. Fewer programs (reduce,' from 120 to_8_31
4.Functionally di1scretLe2 proams.

5. Reduced amount of srurce code.
- Assembly la~iguage code reduced
- lotal lines_ of :ode reduced (ASCII; 27,186 vs. FIFIDATA: 48,4,71)

-elimination of redundant code
- interfacing with r'on--COIAP software rather Lthian retaining(

sin. ili CO DAP pr,,g rams

6. 1 n( roea*I in t, no docurr'n tat ion (4~. more: lines of commen tO.

Increaised skupiorting documentation, which is all in automated form.
- I~sers manual
- St 11 lords document at ion

-Sulorret i nt oocumien It L i o
- yl)1 ~gr~mdocun'eiitat ion

-F ile iorpt doctm-~n tat ioen

Proyra~m n~rm.2
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C. In AFC I (OM ana Ir Lic apr it rv s Lbeen cxp.nd-d.

l. 1ci-aqe _systemi-n 'iits. Un,_hanged ,,,btem limits.
- From 1,700 to 3,000 L8St-'.F 2 0.000 cases total

- F rom i,1 00 t6 9,92?9 tasv modules - 7,000 cases for claistering
- ror I ,'T 2t 3 , ( ts - pr :-"c d i - 26 duties

-From~ 9nQ t 2 , O I his t ory ~a z1abl,,s - 66 characters for variabli
-Fron. -)M, to 9,9q9 :corputed variatles descriptionl

2. foaretures anid ( apabi Il it, Ls.

-Cluqtar~ng tecl-noio!) expanded
- a~idirlonal ,)vk ilap indices incorp--fateu (four nler indices)
- task clusterioa, capability ad d -d
- ncanhierarchlical cIistcring capability added
- pro Ilc, analysIs capat' ti tv added

- Module trchnoloey t ~x D.;n e
- tasks can b,, surnarized into modules
- modules c,-n o ius.d 1 it\ tasks

- mod-ile values can be clustered
-module data ci ~ from job rnubns/xtrtescnb

-rocessed d cl
-~~n i-b o:;,n tcf~s>y pa nd ed

-pairwise group coiiparison pro-gr,-,n (PUTOJT) oratabilities expanded
-core task, a-.al~sis program (COi<SET) capabilities expanded
-pr,,grr developvd which makes ;initial selectic-n of job types

arornatically (Jc~s::T)
-Iirterrater -cI iabilIity, tochnologv expanded

3. Ir-provid final produ ts.
l ~ore reocdable aind intorpro-table re,~ort fo'rrats

-Greater availabillity and morte fleriibie use of fi~e te~xt
- Use of jpp,,r- and h wer-cacms letcters and' overs trik IrmcL
C Grea t er st ri Ia rd 1'.ali,n of fortratting for re:porting s imilIa r
kinds of data

4.Exernal %,;tem inccroaces to von-(ODAP software.
DaP ta it -t ribut ion i-,i n .

- 1 ctr r ii -in r ,,r s, iIst

- z r s tit s t i ca, packages-, m a dSf S BM-DP a nd I SI

S L f 5 S RTI _A 1 1 , (3 T) AP F FCHNI! 0 i T 'RA N SF FR

A. I *in t r rc'AS( I I W'Pi~l'

Air For( . Pltm (1~ :0-, gc". rn" the re'east oft Air Fkerce-owned
,I dovip'c ' 0 i. 1_1 t;i lika:24 It s tate-,s in inir a 11-71(2):

'' i t r , , r It-, xi( rt 1li. t , n)cQ, a"ti 1'0~ not .onsidere-d 'record,'
11' 1 n t tit' wI0g ~ i a It it , I ~ IC (I; ks tlit cr oils loc~' d

* ~ rup.rtV.' It ict 'r~tit ill 1pa 1-71) 1) 'aof twore packanses will not.
r .1i-~ 'a tie , rm't- ,t er txc- 1,t whevn Ln tiec best interest of t)ik-

l~rn it . it-, tieo _o,J thi i Ai, Fo.erco oftwark , such 'is ASCII ('OLAI, i s
t,1h~' or rn Iki n, tin rIn~re er -uns t e rtLiIy that tie

(iI i r 1) [i sPItr vo f in tm iin any manner of tered toIn Sa e
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to~ t0:tn tn ad will not hesllo givenr to iny other activity or
t r,,w Z tku t!I-.prorurttn ppovlof t~eAir Force. On the oti.vr

C _ CCDA P
S t a1"1, 71t n: 1t',, t t u it .r it is, Iroy iced that the rec ipient

ini 'taiticn oft urms and cond it-,ens T h tch frees the Air Force of arv
iiizi itsib or r for the, sottt ire and reqt'ires tho recipient

t,, t e r i v t t ct u o of t het so f t,-ir.

-ap Ir iro wirt ers-;us Cost )r So ft ware tonversion

i- r r, r r, ti i v we - e a sk ed to speculate as to 1.1hat would be rhL.
r% nt r. ,rit ion r r a rni'1 Isperr\' b'\Stor to meet the requ iremeont

~U t Icusers on a -ys tern de'i icatted to running COI AP.
12 C V 3 ~ ia 1 ~~oy ~c s.strnwould consiet of a Sperry

11e I r Sr. rr I I ' or o.rry I 100/,16 wi t- a Xlk:ga l~ord of m~ain
L, r, a~ nk x tF(d co nt ro 1kr ) containing 50 V tracks ( 89

1 ior,' , tlhrt FPS taipc drivk-s ~ih tape controller, cnoe
or~~r:~printer, and at. OMrUlC at ion 01S ubsystemn. Such a system

rai rot lpro1~a~l\$.% ,u 0.ASCII COVAP could be transtrred to such
*as t, 1 a t lit t . t U pe ari ruinninF almrost immediately. On thIe'k.

oir -i, tO ic ,,tractor, wiho produced ASCII COPAP estimated that it may
"stm c $ IH and recuire one c --ar f or two senior systems

71 1%-t z ari t,, ror.imm re. c o nv ers a nt v:It t li DAP and familiar with both
S p,,r r,, z%.- i ,,k t ii ncn-Sper r% hos t svm, tern to accomrpl ish t he

cccv. ri , I f P AS(! I c PA! f1 or running en t n* non-Sperry systerr. Given these
* t. at-rn't I,: , os h~c f whc og hud be an easy one.

*vtertfh".'_ _ , -t Li. 14 1rurchase ot anoter computer system when your
io ar-zt r m r, a (I V n is usuzia Iv I m ore d i I[f ic uIt than g ettiLng

r 'I 1 i VcV to 1 a softLwa rk c-onvers ion.

( It I's iON

lh(n' Air 1'or~t S( Il (t UAP system 1i; now undergoir final test itid
epax ) v to' 4J"P 05 1cl'n i ka Services Divi sion (AFIIRL/IS) . 1Ile process

ros 1 ' a~ p mth ~and t- enew svs tern should be ready 1-or release to
>.t V, i ~a- rer tit ( nlt or ( L SAFOM( ) and o ther Spe-r ry/C'OUAP

Pti 'l kiLS(:F S

F~~~~ ~'-, j,- I 1i,. 1%oai ai ii cessinuc lsou-cc (ADP1')
LlUL~lurI -i na mw'' i i t:J . .Sao .~ 18,My.Avn

Vn . 3. , J J t Ik2v 19),Na).Adane

(A: '. si'~-r asn 1ii'- itclb Irt ornat iona I Oc CI at o nal

A;ii 1v ' ts i oi SIn Antonio,

N. ~ 1yV**,' I 11' r,1 1.2. 11 n, I.. i3 May). ASCI I (ODUAP:
or Orr n jj r appl icat ion(; Fi ft0

-t rt r i;a. t i o' r i isi i '\a v,,' t sSan Antonio X

~ '--0' 1 , . ., 5 1 , .1 PhFim I ni , V.. j . 9" , a ) ASCI 1 I )AP:

0 ar'r 1'tf'1 r-p~ort . vI- 11 1 Itt rna t IonqI Oc cu pat ionaI Anly s ts
% - X
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Martin E. Ellingsworth

Air Force human Rtsources Laboratory
Brooks AFB, Texas 7b235-560
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INTRODUIl ION

The Occupational Resea-ch Data Bank (ORDB) is a computer-based occupa-
tional information system. It p:ovides researchers and managers a means of
rapid on-liae retr'eval of a variety of current and historical occupational
information on Air Force enlisted speralties and the people performing duty
in therm through a set of use-friendly, tutorial programs. Use of ORDB
streamlines bacho.round research, permits quick in-depth oriertation to
specialties, and provides a datebasc for a rapid response capability for
research and management concerns. Tr,e ORDB is of great valt.,e as a tool to

* increase productivity and as an instrument for longitudinal and cross-
specialty analyses.

Development of the ORvB Degan in 1978 with the investigation of avail-
able data that would contribute to Air Force occupational analysis and

managemeiit. A number of sources and types of information were identified
and have been obtained for inclusion in the ORDB (Carpenter, Archer, & Camp,
1979; Stephenson, 1979; Camp, 1982). The primary contractor for this effort
is the GLeral Sprvices Administration data processing services contractor,
curreutiy OAO Corporation. OAO personnel assigned to this project are col-
located with the monitoring activity (AFHRL/MOMI) at Brooks AFB, Texas.

'The ORDB is composed of both digital and hard copy data consisting of
technical reporis and studies, Air Force Regulation 39-I information by
car-er area, statistical variables summarized for occupations from individ-
ual Air Force members and technical tr.ining course data, and Comprehensive
Occupational Data Analysis Programs (CODAP) (Christal, 1974) studies )er-
lormea at the Air Force Occupational Mea itrement Center (OMC). These types
of inf~rmation have bee- obtained an, are inco.porated in the ORDB. The
suhb-vstems which provide for storage and on-line retrieval of the informa-
tion are described in tb- following section. Before going into the ORDB

';ubsvsteos, here arp two notes of inter-st:

I. When referencing on Air Force Spe, ialty Code (AFSC), there are three
leve-z f d, tail that can be shown using the five numbers of the AFSC. Here
are Ihe tCpes, abbreviations, and examples ot these thr- e levels.

,,20



Skill Levci (S) e.g., 27 30, 44530G (skill levels 1, 3, 5, 7, 9, & 0)
L adaer U.) e.g. 7 3X2 , I13 XO

Carer (C) e.g., bIXXX, 42XXX

R. R-crnccs to tht, figures at the end of ti. s paper are actual -l ides
ro:t t, elab.rative case study scenari, of the -42X- (Jet Engine Mechanic)

1 cdr AK , lch as thE major part of th, briefing illustrating ho ar.
Occupat onal r.st archer could ben, fit from using the ORDB. Figures 1 and 2
,.re octual ,,t :t fro' the ('RE'

S M (VLRV Ik

ite CFDb _perate; on the AF~iRL Sperry lUG,81. Seven subsystems arte

co;ilord tot, tp, s of data and kincs of retrieval needed by the user.

I.st subs'. tems are I ind tcotther b- a r ront-end program to simpl i t tL

1111e of the ORDI. The programs are desi gned to interact wi th the ie,

assistI i in the cboic, of the appiopriate .3ubsvstem, and in selecting th
desired info arzin. Each subsysten is described kelow.

I. (omputer Assistcd Refercnce locator (1ARL). The CARL. subs\stem is
used to reterence hard copy occupational data items, such as recurring
reports, occur'ational survey reports, job inventories, films, and micro-

fiche, which are stored at the Air Force Human Resources Laboratory, Brooks
AFF, I exs. References are based on user selected keywords. CARL was

obtained from the Navy Personnel Research and Development Center (NPRDC) and

modf ie to operate on the 1100/61 (Sands, 1978; Sands & Hartman, 1979)-

ACdtional redifications were mace to accept AFSCs as keywords and to clarify

user selk.ction of output options.

Lach rtzernce stored in the CARL. subsystem inclodes socs information as

a,itt.,r, name or title of the r,-ference, type of reference, a brief narrative
description, and an associated list of kcvwords for each rcference (see

Fipure I.

Tio speed the referencing process, two sear-h techniques have been added
to ARI--(,nick and Smart. Quick is a binary, search on a given list of key-
words iavolable upon request, while Smart is a character string search across
tue Ist ,uf av'ail oie kevwoids. 1,oth respond wi .h the number of references

1cot. d :rd a, if and how the user would liko to sc Output. In addition,

the us,r an oxpand or redu-_r th-e number of reterences L-, using additional
Levwerds ,i character string'.

2. Apt tu de Requi rements Component (ARC). The ARC subsvstem contains
A. S( (scriptions (for I addet and carcer lit ld), prog:ression ladders, and

I erequisit,, d.,t,a for the years 1078 t,) the present (1985). The ARC has an

S A S( number change history file which tracks al 1 chanes from March 195
through the present. In addition, apt i t utie re qu remen, s i af ormat ion for

,,.lchl AFSt is stored and acc.ssible (FiWur( 2). Also, the ARC subsy.stem
conrta ns RIX'I(,N (,, co ntractor) anod 0,>1" study information including AverageK

DIask Dif 1(,u tv P, r Unit J ir.o Sp, rt (ATDPU)T), validity/re!i: bi lity inlorma-

tion, .tat i-t ic , and minimum/u,:dxmirr task information. It should be noted
* that the VIol{. report.s (otppro-.imai,'lv 2,1(}1 wore oro~diic~d in the Apt itude'

Fe , 'irn, 't-t I -rar !in re-search, while O1t, tdies , d ' ar C implh ted wit

.ath oct t ,t nal , s a urvy ,t in MS( K int,, u-e a 2 5-poiIt .ca e wh i le OM!

I, 1 T
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v tr i~i t, a euoint d , tutori al s s tem , access and use c f
1 ths and t.-te:o lou iri sutsvsterms are quite easy and et ficient. You only

r ,al I . ne t-d t,, hanve an icea ab.outt the AFSC structures in the A ir FO i:'
"nis rctrn is; re l. pp_.r,-nt ir0 the use of the statistics subsyste.

3. .totisticail %ariable. !he statistics, subsystem contains demographic.
1 rit- vJ~C.:Abon, trainin,! turnovpr, and dut'. related inforimation on Air

/ ~ ~ ~ ., I~s en-~~ Jesrni nformation i~s sorted by AFSC, population group ,
i rd %, a or a ro lof 12'5 di f1,,erznrt .arialles for the most current v ears

d~ dat a. Ponwlat ion groukp i s tba .ed" op. enlistment status by lotal Active
*Ftvdt-ral 'i li1t arv S!r v ic e <A F", S ) 0-'. yea r s, 5-S year s, 8 ye ar s to talI

- ~ m1,,, or current year's accessicns,). See Fi ,ure for a parti al list of
-. varianles and thri levtel t der-il kl., C, or S) . An AFSC must be valid !or

tyt p :totaiIaviacea tms have existed at the end ot the year
' r wv-ich kata are r t'ngreuested (val idity of an AFSC can I-e checked in
b , ARC sutsystef-, and t rie 'a 1idity of detLail can be chtc&ed on theL nmenu

.. ailabie in the statistics subsy'ste.

- i Ihie vvyar; of data are stored or-line, earlier years, of statisticLi
*cat a viil ten acczessib't '.a notchr run. ftt sources are the Uniform Airman
* Ktcord (UAR' , Pipeline Managemenit Svsterr ( PMS) Airme ain and Loss (AUL),

or'P~oesg~~ and Classification of Enlistees PACE) ie trda FR.

* This subsys;tm uses System 219)(2)Dt aeManagemeut System with
tohe xtenslon (Intel Lorporat ion,i9)

CDAI Report Display. This subsyStem Was aeve loved to provide th

td,,-k scientist and managpr with, the ability to rapidly retrieve OMC and
AHPFI CODAP reorrs and review tben' on the terminal screen. To accommodate
the standard CL.AP report tormat, DaLaprapnix 132 character remote termi nls
art, ir, u-se at principal u-sar sites. Studies can be selected by eicher AFSC
,r std.number (from a -ienu of avai labie studies). Studies from 1978 to
tb., present ha've been loaded, and any report retrieved on the Ccreen can

*als;o be printed at thle user's option. This subsystem is pro~r...med in the
Prcorammin' lnst~ucti'_ ns for String Manipulation (PRISY) language (AFHRL/;TS,

Fror t~w initial listing of (ODAIP reieort s contained in lieOM(, studies,
a(1, t erritin md as o whic CODAP rep rts will be tuaded int '' the

cPP ( 'uo -~ ). Le d-terminat ion is based on tne requirement of a report
that con .ercs a pop~l1at .,on group and an A\FSC in a ,;imilar ianner to the

%tt~t~ iub-st-m'r org1anization.

* \~ Llb.' 11Ser selects, th-; z stib-vstoti i rm tle OROB introductorv, screen,
or 1" 1 Frovid-d LIcroice of L ht i tv different -'0D A P retrieval

k ~i r-port lizpla'.-1I' us. -u r. ,t w th.e t cxt ot i'idvidual

~- 'rt :r obaina ni-rd o~ ol d. >in.'d r. ports

([A , d~ di t f,-at kire-- it user k in iise c ,t !ny comma )ds t )selIec t

Sr,-r n'. ori i rt ~i i o.. o r 1 01kie td i es rd sort them into a
o'.~t ri*rhi.rJ op\ ouitpt
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r. 1a-tv s c-s t iI'.v - -l sZ 'tm I-..~ iI1 r~ tLie ve t a 'F s C ot a in -
.. ~~~ ~~~~ P. -pr'ru I(,,, -'t . e t sa:rit nardccOpy , iti the user ;eSirvs.

ha,:, i oi I cr is~~ -z 1,~-h S vs t e M.i U r tLri v l
'artscva riaK rom i~ F t. c anc, print hard cop,, if the user

r. -. :: ot i' ~ or anIi .X FSC i n t h- torn. of a titl

* ~ ~~~~~~~~ t~s-t >i. i.' 'stn 's dt'veloptd in rvsponse t,-
* t e.tO i, n rtr k-OVAP r, rokrtz, j,:r 'S pec al t ies. Sin,.e tK(DAP vanr abl1e

r t~ s are, not c~-oI. st apd rd , i,:ent i vini: corresponding
ni itrnt ; t t~ s r. zn ts a ilti 1c -1lt tckk. 10b sol-e this problem,

~t, is are I ndex- a- tr. v rc I add to th, ORLDB fcr a set v5 var abl cs
ac ' rit. ev a r) a'-) s 1 nc I .de ur.%,e r o f i asks I t~LPUIS , Jo1,

* Ptt~Ic t% rcex, ,radt-, >ta'or (Cc-rman3, 'Im in Career Field (0ICE),AFS
t. h.Sit '0 1t ile fr ket ir, m, JoE ~nterest, Talent

'Ii riain Iaining Ct~ i zat ior Son s E o f Accomplishi-er.:, Pln t

F~o, i .,t , a r 1 lio I As ,i cnez r.fto 1r,, sent Cnreor F e ,

* ro'~.p> tl,;at an 5' avalva.'c include: 'Cta ape kllLvl .5

1, -- tz month> IAF>XS *r 11ltF, c9-2&, Months TAF.MS or TICF, and 97+ Months
o 1:F"S or 1I i . 'n -i1 int r*4 nie\al ,It corresponding datL. from multiple studiezz

on ,rt, -r a 5152.ber f -z~'oits car, be orlorired USi14 Ullins system- "Figurv
. )r example, job r~tficultv (-t air-men with 1-48 months MAFMS c anr be

ret nrievvd for c an nac ros s any number of AFS~s. 'Ibis s',bsystem is
I.ritttor it) itI V~ and tles-. sam,, data files as rhe (('DAP Report Di.splay

). tatI tI a I Va ck a f or Ie Soci1al S c i -n ces S FSS)/St a t ist ic a!
I nter "a, o A tot al o f f outIr S P SS procedures art, interfaced w ith1 the
St atist IcalI Vari able bubs'.stemn of the ORDB: AN(-VA, BREAKDOWN, i7-TEST. and

ROS SiAi I i cuir e t;. rPM- T low te ,1,or to produce statistical analyses
4,, iRl vaIabIe' is inW SPSS iit ', ut requiring htim to be fakiliar witV

rr inlg 515 r 11' .'he ,ntt-rfacc program provides easy to follow
instru-,t ier- fei u'r I nput.

I hk ii1,kr mav In itiate a boat(h i un whichi will auton-atical lv rt trievc tnhe
(Rb t~i-ic ,nd create a r nstrt am of Si'SS contrl i ca rds. This W 11

* r-oil t in in 155 , rum, with outpuit. Ille us er has th, choic( , however, of
* ~ ~~~~~~ ~~~ rffl mc th ~'dth cll rhvn Ie contai ninri the runs treat,

I me) i J f r ad i1 11t I o IIalI I' (Ie itI,- i at Vn

)I. 17) 1e , h lb. e ~T i t i i b 'en 1 pr ov. i ,s an ?'pportunltv tor users
111C k, ' I;) "r ~ to ecord Iif oninat ion rI I led t u tht ()RI) whi 1 us ing a
I "MOt kt o r it - nl I PimmeanLt- c an i tc I ide an t h i ns rt le \ant t o d at a C ornL1tit d
in1 t hie ', t e1n, ,Or athe,,s open r iIon i t " e I. Tt ha js beenl eSo),'Cially
li. il j, a rne nz a o I(bt a i in usei qr I eedbac'h and for announc ing thek

Iflit m, m nt at Lion t, en r ilc k enit ' 1 -1 -
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:rc ir: i r n Svz s~ S * n S!, 11 -A i t ,, LC h\-Cu i rer- I t t, r i r-a-.,:
' ~ ~. K . .oN ~T~ an.iti -In-c: :r u', .i t n -Ac- .

* ai t ~ a.U.- as t~ r.aii c 1. r t oni to hi h i 1,vvl nuin

aI v-' Se set r- 0f dt t i ~o a : ol it~ dat a bnk
:~a:. r Inces.c. lt~a noriral I abriots ?nj t ime-

- 'ic bcruaintorrticn b v ocrmal rt, ue:s t s t.
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Fffects of Absen'_eeism un the Pdrformance of
Air National Guard ?ersonnel

n- *Ia 0-'

L 1 :' 1993)5 hi

:o 1- ;7r r;( inl ]O: snItisfiction

r~-~~3'3ry~i a bsnt~sr as ~
S-) o-S 1 ri XIe TT3 ii emlye ~ t to

1A i4 re sot 40or" exo- ricoce . Howe: ~r, tnis vieq
~;'A>.ih .7 i., ( P-82) nh- Hnit both

functional i dysfunctiona. omcme ay b-- as3o:7iated wltn
u : Ism. ;Iowver, _-is~s of absenic,. abuse are st"l1

7 1 I- ,,I Y ',- ()r i s ts t o b e .)r in ar i ly dy sfuLin ct ionalI
r rl o-L rsi ari It- i r t o et i v~ i:-ontrol is issom,3d i-o

I 1i l ' -3 O0 rs to! th orv-nhti10rl.

~"ol )ol ic i s 'ao.ong b> i ustiid 1 o th grouns

1 J3 ( .ClrL:~ Lic l~ibor cost-s, and it hais -113,-

--' IWlI to s-)w-r (-)rg ii z : ional a -Ii ndi v Iual

U2.~tiusto n Unt I~ 1o,;da y -_t -a1 1982); lititie
2 ~ ~ 'jI-as I) -n ji~v-?n to the ,)oirporL,-d absence -

3.h,3linkag.e "lowday -ot al. , 1')8 2) T i s ro I-it i onsh p
ho - i2 tak en fc q r in t

j I,) I') fed ')Y te-mers th~or, sts (egScott &
1ur 183) Lk-,se the iss _nel relationsaV;p bo-tween
n t -i. a-i d 1 in g p r od u cL v Ty shiio uld be s ub j-c t ed to

m~irc4 o~'cw. lthughoccisional investigitons (Kelier,
U84 ;~-idn,198--) qav? r-2norte d incide,-ntiL Cocrelatioris

. ~ ~ , -ir~o~tai n ad 3 ob pe rformance m-asures, this
it t, nhi h ris bot ben syco-tinat icallyI studJied. The present

I. ri-sf cocte1itiotis i~w .1 bcio~.s nd jo')
!Til n-r r It rl~

V~r LorI -- -3~ t- _heJ i- ±~ i-O i 2 pe r f o r md . xaiin i nq s ick
iv i3d) c ' Ln 3 fod- r i secto r. hi is p~rhaips

illfrt ~02 ji-.'en .1,e i tir-~r lmoeral sick loaive policie-s
nr -p xisfeii, in Lth- f-Ad r-i} c gvo rnment. La v

iiin Ir it inn rfr D-'oort _ ii of h Ai r Fo.cce ci vili n pf rsonnl
1~~~ ~~ a 1Ai rc o iin 4 0 -6 31 US 1 F, 197 1,anths

m~u )~ 'hr'ig o~thoi ontr [fEdr] 0 rv T he

4 26
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*~~~~~~~ iT''. r -i r: J~ i-v s ~?i C'I of

,s no absolute accumulation lim~it On t'.- amount.
.'-3:< A, 3c:c,3: c',-y mra,, ia c-ried

-1 2. Or ~s 3 Sri~:c sick 1>V may be

F r ic ;r-0 ~ s.2vic-?' a~~ sed in

JS' --

w a .s Is is' iszd 'I' 3:t- 2, ir r e''r~ s ~ - f~n

r~ I 'io:" r~.i v . 4 j m~ 1-me emp oy cs o a n
I. 'I~ Z 11 .- W;* 0i Sn . r rIUII un t a S t a es The

r r2 i v: -1~ 3 i!T- ) ~~ an et~72 31 and 40 yea rs

t7 twi jr~ L wy ,.rr I pcr ti na zed i n t, r-mvs o f

D r><3 19 3 Mb -3 n, - ? r e o r Js fo)r o,,c:h ?mTi o yo w ere
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- ta i ty -. 12 -. 06

'-)'I a .00 -. 06

L C
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-itmn~ - os n ce f r 1 .L 1,1 :reaio0ns w -r all
n s i j n i. i. cqev .2 r, co r fl I a t1 ins b t~oen t liv t im, -l'Aos t

"1; i ~3 1n r ml~ teio perfornmnct Jim,sions, a ffL C i In cvJ Ili
irmdty ~re s t tis t ica Ily s i gti f i (--n (p < .0 5) Give n the

A I" rI a .veiab il I.ty an] inson siity usu 9ll y attr Lbut-el to
~r )rn Iw a i) r Ils al trc'a s Ies (S . 3chidt , G a st -R o enboer g &

rwn 19 0 anci the iin-liability of time lost absence measure s
fI nsk y 1977), the magnitude of cuhese significant

"DI-r ~t i;, ns ro ba bl1y underestitnates the, true rzalationship
~ ~nab-,r,,:e and perlormance. Th~se data may reasonably be

'Itre I iiic a t i-n t ha I t , ec e s,3iv 1 sick l ea ve u s.-- i s lik eIy
to, n ivie detrimental ef[Iects on the work perfenmance of federol

Diso is si~on

1 toul,3h t fir s t bl1u s 1 th sIi2 g nif'Li c anL c oI:rrela t io ris a1,pe ar to be
'31"l1 anfl pot nt-iil trivial-, we believe they probably

Stiae rc nfu c -a b sence relationships. We
: V,- th,- c a rs i: s tczed against finding significan

c3rr(latin. The -iroorted rliability of both variable3s is
),V, an I -I Tint: ~r 3chiit, and Ja,: son ( 1982 ) hay ! str idently
Don~ I ur sir' t A o-ft -s :rc.::fsiremenit contribute

'ibtat~alyto Lhe, appar-nt magnitu-de of bivariate
r-31J tionships. F irthaninore, we believe the gon-arous sick leave

acuilat ion pol ,cy in force in the federal sector iremoves the
* ise -)r loose." inicentives associated with most sick > ave Ilans.

i i z tpoIi cy shiould have the effect of reducing absenco criterion
* mnce bcueless total sick le-ave will be taken. Hence , we

I),,'i-ve the results giv-z jgenain2- support to the long-sta :nding
beli famong o~rsonnel managers that absence prone -employees -are

' 3o o oo c, nrf"o .-me rs. However the conre].to, aueo h
A A ' nil i n causal inf-zrences, it is impossiole to

A-trmtn, wh2ter heperformance of sic:k laave al..use r3 is rated
ow b 1)i thiey are bsen't so Often ( i.e., perfor.)mance! judg1,ments

n F I I on f l-( A ec b,; '3,21-0 a 1 n1 2 j it i ye i mpr es si.onis) or oe !ca iso t he('i r
~!r mnc nln.'l sHi' s roin s(- much ost wonr time.

1d;,'j 2~~ i coupl of Mlr3A.Nany ~e~rhrs have

rb ri ee -, c y -I b, cu nc abece me t r i c s i re ;no rn2 r 1I i ib I than
'Ari hs stence scailes. Th- dogr 2 oF reAliability Of a n

I., 2 n''asA rosilihave i po found : c on the ib i li ty Of
iV-r :m-trV crrltewit of-ih-rn~ii~i This fict wAa3

I rv in iiftst ri -ct. an T'a ylo-r's (9 83) reserch H owe ve2r,
t ()1s 3~ 11 StAy [%,i 1- A to obt1in S!,jnli icint cot-rrelatio-)n s

n r ~,r- )raarlI -in i ilbs' nce 2 r ej+i n,_y , alth oug(h s ic ii f icanrt
A) f-wr b i i j J (I r th- no r -niy inifer i (r ti me otidx. We

_I vapinj e Jabine 26 pay perid re)dtuced the,
a roiat c ot- f i-aIl w i-Iho f r ue n cy met r Ic,

-Inld u ~ha thi c s t rit onte utnilVuL nOpou
t ~~s~ witLh this -Ib-Iot i n 10,
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INj SEAPCH OF HONESlY

AMIen N. Sh'ito. Ph.D.
Deatt-ent of ",anaqerlent

Y,-rth-easter-n Illirois Unive:rsity, Chicago, Illinois

Inr t he tr Ctu ry B. C. legend has i t t h at a ph iIo sopnerc n amed Diogenes
v.aniered at-,,ut t ho At h en ian c oun try s ide i n broad daylIi ght with a lighted

-nt' clutched in his outstrethcd h,-.d. He -.,as searching for an honest man.

No mre f an ? 3'' years later, the search continues as governmental
aapefcies anil private industry co for horest emrpl oyees. In most employment
se~ttings today the demand for holip is great and often conitinuIous, especially
w-re 1 mrwa ,2s have effected MaXiMUm turnIover arid lower reenlistment, where

res-,onsibilit,,es are qreat and temptations are even greater, and where an
n1-'ifferent s~ciety h-; spne an atmosphere more prone to dishonesty and

vioie-,ce than its work-ethic-oriented predecessors.

is it, te at nard to find' at) honest and stable employee'

Consid,,r these fact,-. According to the U.S. Department of Commerce, at
least 30', of all business failures each year are due to emiployee theft and
0I othr formPs' 0f e E C , lreS. A Audy onducted in 1983 concluded that
ap-proximrately jiC)tnr of all employees steal from their employers.

What ~nbe donp to coombat these losses? To answer this question, it is
helpful to u, cerstand thef-t -In te -mns of the profile of a dishonest person and
the theft tr-,arile.

Pro~fi le the 'Dish-oiest Individual

Rcsarcb by Dr. Willijam Terris and his associates at Londoni House, Inc., a
Chicaglo-ha,, d pyhlga testing f i r i,, has shown that empl oyee thieves

ic, saverag;e pc-ons i a basi call y di shoncst worl d. In

uS i n (a la cdl ly honc t 'old Tie [r nImp loye t h ief accepts
aina Iizat 1 uncs of theft hehavi c-s and is tal cra-t of and less pu-i tive toward

t hft. I f ca cjht , t he empl oyee th iuf r esponds:

I did :becaiise.. dog i.

the coon01any pdys me so l.ittle fcr what !hey j(,t frr me.
the , )mpany took advarttage oF me.
it' -overed by ,nsuran( o. No one loses."

inai(]It InOn, tr's res I t0 has s hown t hat most employe(, thicves
;(uc 1 W k" cu do mi T cknnol ,( t n i r a( o of t he ft a s c ri1me, a criminnali

o o o ") d I t~l r-e tI a . thoy do



The Theft -iar-gle

Researchers ha,-e noted that three elements must be present for an emploee
to steal: opiportunity. need, and attitude.

Coortunity. Most erployees have daily opportunities to steal without
fear of being caught or punished. Ir, many situations neither apprehension and
punish'-ent nor security dev,ces completely deter employee theft. in fact, in
some stuations, security systems provide the motivated thief with the
challenge to he even more crtative.

Need. Everyone has needs and wants. Faced with increasing consumer
rices (rent, unexpectedly high medical bills, or other expenses), honest
e- Ioyees will either work harder at their jobs in hopes of getting a raise or:re",,.ot~on or they ,ill take on an extra job. fhe dishonest employee, however,
wilI turn to theft, wherever it -s easiest. Often, it is easiest where he or

tttI tdp Attitudes determine how needs are satisfied. Honest employees
,1i! res-,st the temptation of theft because of strong moral attitudes.

It would appear that if employers could somehow assess attitudes toward
theft, they would be able to screen out individuals prone to theft. In the
past, however, employers have used the Diogenes technique--the lighted lantern
in broad daylight--and have gotten about the same results. Let's examine some
of these traditional hiring techniques in more detail.

Selection Techniques

Good business practice dictates that whatever selection procedure is used
-in the hiring situation, it should be validated; that is, it should be
joh-relevant and predictive of future job performance.

Selectinn Intervievs. The interview is widely used in the selection
e Les. It is hard to imagine hiring or recruiting an individual without

fi, , having a face-to-face disc'Assion with the applicant.

The typical intrviewer relies on pr-sonal, subjective values, opinions,
In Intut ions when makinq hiring or recruit ing decisions. Obviously, there
,0 miny pitfalls to thi, approach. Winning the confidence of an interviewer
an po s S I w in n In tl, position) can depend upon whether a person i

I,.r. ';l n)t I db1; iid(at e that a person wil I have the necessary
.ki I , ad ,1 it is to s(I ~sf'lly perform a job. And it certainly does not

t 2 1 b 1 y 1 cd', at whet her a 1,erson is ikely to steal on the job. In fact,
1lata on the validity of the inte:'view as a selection devic" has been poor.
it, the Ir teri ew Is often the s foglo noest used nethod of select io|,.

Appl Iat Ion I anks NearlV all ropl oyers require the completion of
p at Io ibnks WhI I rH i-n se to qi I i ons or, an app icat io , y be

Aili



sc' j chtC tre o ,aieae fal ,i f i cati1on i c i ni'-iz.d t th e e xt crt
~ at a ' Lp io 1~ 1e e,. cs that the resonses ate'eif be.Rrl ila

a :i; I 't Io ca V I a aSt p i tn b1C r ecause of theft (al thouigh one
ra:'. n I ",;aI I later discovercd to be a thief. gave as a reason for

c r~j hj ls Iob "h c ou Id'n 't a ffo-rd to ke ep - e')

;_ISs I-S Th-e p u- rcse o f a q.cood re s ume is to sell the applicant toj the
r L, t Ir. To that enrd, itl is n eit n er i n thec app11 ian t's tas t interest, nor

rea s cnabl e w iI h ,n the format of th,! t~pical rePsumle, to include an admission of
thft Te red today i s fo, frua reups e c i all1y wi th the

prolIf e ratIin of empl oyee outplacement, counseling, an)d marketing
rganizations. Cr tainly, resumes will continue to be used by recruiters, but

the resume cannot be expected to be an adequate indicator of future job success
or of future em-ployee theft.

Reference and Backround Checkin2 . Reference checking generally consists
of verification of previous employment, education, nersonal and business
refeyences, and any other in Formation supplied by the appl icant that is
conisidered to he job-relevant and deemed impor-tant enough by the recruiter to
Mnvestigate. Wnen the Situation warrants, credit and criminal background
checks are also made. The name of a reference is provided by an applicant
witni tne expectation that the reterence willi be favorable. Even when names of

-crnces are not speci fi1cal ly provided by an appl icant, as in some
"aC (Jro mot eferences tend to be positive. Previous
e,-pl oY er s a eru flab ii t. in revealing em ,ployee poor performance or

o hnsty and are , therefore, very rel uctant to supply negative information.
Moreover, since somi,,e 30%' of employee theft goes undetected, previous employers
may not even be aware of a former employee's crimes. Reference checks are
necessary, but they simply are not eno(ugh.

1'?ther pitfall of reference checks and background investigations is that
00-1 the ,y can be worthless when done superficially by ontraineci investigators. And

n any personnel ass istants or governmental clerks tend to be just that.

Polygraph Examinations. Diojenes q~as not the only person in ancient times
searching for the honest individual. Boath the ancient C'hinese and the Arabian
Be douins, pioneers in the develo-pment of Ii deetrcss elieved that the
dishonest per-son's mouth became dry while engaging ,r decception. To test. for
drv niouth, The Chinese required that the person chew~ and spit out rice powder

and- th Leto in(euIr that t lit person li1ck hot i ron . Dry expectorated
.d e r anrdtr nurred to0ni]Lie' W.ere considered as evidence of lying. While Diogenes

presiumably some of thp
I Ir,2t: d I~ Leloiulns puissked this ( rueld ta est.

A distinction must be made bctweeo t wo type s of dishonesty--lying and
s t ,oa I n i. The po01)9mph was designed to assess untruthfulness. it does so by
on it or ing t he c and id ate's, physiological reartions (pulse rate, blOod pressure,

rt ~p iratin, and gal1van ic sk in re sponse ) to direct questions. The polygrdph isespeialy usful in fac ili tat ing the )rocess of obtai-inq admi 55io0 fe
n fc tO &ta :;~ xil amna t i on has beg(un.

+~
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S sco t 1 :ftn S? +to 2' for p r e o ,m cn t screeni1n-)
nS t Cnrc r stcd as J ccdt on of employment i n

a S" aee S Ie~jc of c'-,nt ir.,j I q 1 ati ye opposition
1"! 3 1C a t r~l2 C~r ~1a t I n re"' a ,r s h~u con tro'e rs ia Ii ir,

a r d s c -t a dt dalI o f r -, i ,e xbiic t Y Jse of
7 r- * ert scrc n, carrile5 w t h i t t he s t igmja o f

c', r ea t I Crs Tr a,,Ai t i an p olyg i r) exai nat ions requ ire
Li en.. t st an V. art, trair~irg va 3ry gr -a' y across The colunri,

L '-~ei :e es-1 t s o f th s s r- e riq met h -11 i h y v ar iablec. W'h lIe
It- -'< ct i at scre-n irg o. those c an iJts ih pev io us crm i1 na 1

C ~ ~ r 0 n0 e , Jn C e that the polygraph can scr(een cuit those wiho,
I +e ri rt c rc,'-stancts ard O,'pOrtL~ni tY, are prtine to stealing.

a raiPri Tests. UntilI c-.,)a ra t ivelIy -ecen t y paper-ard-pencil
-j n err aee n prnns s to teft hcv e bL)e cn vi tuaily nonexistent.

r'l ally d ev 1 oe A a s a s; ib st i t ut+e or a] ternati y e to the polygraph,
)P~ adnncilI honestv tests have h -come, ent itipes in tholir own right

To val idly r cdJ pronenes s to theft, a good honesty test should assess

Ll iefs ab-out the2 e-xtent of theft in society, positive attitudes toward theft,
rumiinat ions a bo0Ut theft , perceived ease o f thefti interthief loyalty,
rationalzations a-Otthfassessments of own honesty, arid theft admissions.

Taddition, the test should cortalii a distortion scale, to detect
attE-ptsto'fake good" on the test.

11~l major honesty tests dvaliable today attempt, with varying degrees of
Jucc-E:s s, toc mree t the above requ irements i n measuri ng att Itudes toward theft .

* Only two te--sts, however, appear to be backed up by mdjor. published research:
the London Hcuse lPerso rncl Seleoct ion Inventory and the Reid Report. Thcre are
so ur calI ot h er te s ts f or wh ich very li1ttl e technical dat'A are available,
o c u Ii ng th,, Stin t on Surey the TA Sur-vey, aud t he WilIkerson Pre -EqPl oymen L

n 1()n H1ie IP Per,.erinpl Selection I novenrt o ry . ho P-,r scn nelI Select ion
I nven t ory ('S I) d Lvel1opee, hy psychologist Will iam Ferris, was first pblMishod
o 1975 T here are seve ia] forms of the P S I dval biP to Measure att itudos

towarij arid op in, ons ab~out J , honesty and which i ncl ude checklists for doll1ar
a ie u(,s of mne rh a nIs, p-rop er ty, and mo,-ey stolIen (the adi ss ions secti on) .

Tne conly test of its type to do so, the c)SI nas an independent distortion
s( al e. 01 her, PSI f or ms availabl e incl de add itional scales fec- d'uIg abuse,

volcrc(Pe. iu ti1o nal instahility, and s-,t e ty l o cusi o f con :rol lacc-ident

(10 (I00 to o b nr t.

d 1 1 1 or o of t hf ft d i 1 r 'r

%I



- , . ,_ (- _r H n!t Tests

('11r. ar !,", ,.,s to c;-'pare Tests that p.urport to measure the same
a t :;. o t' C ... a"" c Sor I iUJ

.. . I c t ? atat cn both the PSI and tne Reid Report are rather
ar 3tred. The directions are clear and easy to folow. For Dot0

s ,ecesary that the test be given on coirpany premises under
. ,q tat Ions. Ihc t s should never be given or mailed to

: :; ar:s for th,-A o take on thi r oLvr.

.s ,f Sc rr' . The scorin of b,;th tests is control led closely by the
II , . s,,rs. T " r, 'ar reason for this control is test security;

.bl ' thus er,.i:re pt otec t on cf the sc,,ri ng keys and the norms.

, .. - rs rju, , a ;'all-in service ,.hercby the cliert mali z n -it t
- ' ,, a" receae d rPion c (elralI v r- a 1e vthirn 24 hours of :-eceIpt.

tK ma1s has o5;io'~ disaJvantaes, of course, for clients needing more

1 ate results her, e, both publi shers offer a telephone method of scoring.
th1s ap,'roah, 1nf orratton from the test ,s clerically compiled by the test
1 n i strator and then phoned in to the p'.blisher's test center; the test data

S-c entered on-line, scored, and reported back to the client within seconds.
2r te1h,one scoring. tne PSI has the advantage of a simpler preliminary

r than the .ei i Repcrt, vhose pr, liminary work is ,ore complicated and
* reiu ires rore man pul ot Ion.

, l 'lte co: 'pute., orI [,g is anothor scoring ootion. The PST has a
ft ,., re crtring proqra"i that can te run on certain personal and mainframe

-f, putrs, thus providint for immediafe results,.

Es( of Interpretation. Both tpsts provide a measure of dishonesty, with
al.,tlCe froi the puh ishers in determiting recommended/not recommended

t tl (rd, for the hirin] Of canddlates. lke PSI, in addition, pro ides an
,,e,~ 'i. V distortini scale th3t indi(ates tle r'xtent to which the candidateI'. rl, ' ht'uth 1u I dto.t t h( d 11',W 'r (.I en

S.' e I orrat . The ied prort h., mostly ves/no questions, whereas the
SI I,,I. f or five to ,e'en or more choices fo each test question. thus

,'" ei .,,r,( ir ii ) t-e i 'm i , ns of d -shone ty, whi Ie 'educ ing appl icant stress.

i-i I 1, Y t th pilh.i Iher sow (vicnce that their tests arc
-i .. t tr., a d ot various gyiidel ires on cmplovee ,ele-t ion procedures.

t no.r . ie p)i 'her of tt PSI and the Reid Report stress in their
i ,i' ,",Q i ,_tr w,] , ',, to at their il nts in any lit ioat ion that
r" , . : J~j t, a ' ,ji,,t, them,'

P,;wp:- ..-,. c hs t0he "-- an,,1- R ,d R',eport have pub]i ,sh.d rosearch
I- ;.)' , & re I it ,, al Idty, f i rness, and othler technic l nforniation.

1 ] ie O IJht puh , . l ( I' I On )ii 5 Or1 u tS( prOV: des 50 pub] ished studies on

::{ . .. . . .. .
ii "" ' .... ... " - - - .* - - - - - --'" " "" " " " " " ' " "" - " "
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01.* 1 r>. oth t e stIs hie b een r. i ewed in Buros's MWntal
jre ~ C.ro vi~;no h e c r appears in the eighth
- I-(, cn )- tc vi ew o F t. 1, )S i s , r pres1s for I he ninth edition and is
r iy a.,aiiat.e in retr i'.V forrrat fr~om t: e put, ishers of Buros. The

I r, 1 11e )con'--" t <,rcs rev ews 1,r additional information.

c-a - ec hontest, es nng has been ~OmTewhat of a controversial
a a choj15 st s, esp e,: -,1 , trose in the te~ting pr-ession, have shown a
-2 s Ne t i ci sm a nu i wnet he ,ipape r -and -perc , t est can really predict

en es t ad e ~e c thef~ Tihe maj-nr publishers of honesty t es ts,
.SCal v Londo Hot;- e and Re id , have u o un t er;, with a n u ter o f
Idr u"-'er, -ed s ud i e that sow correlations with polygraph results. ror

C h v r %0 ,r c ) -uno'forYt a b e w;i t h po Iy g r ah P x a iPna t i rns a s the criterion,

JO C Y-- It- C LJ1 q t-2SC~ s tuiesk Prprptil-,treshrinkage was
fol 1 c-nir, g he intro'iuctioni of the PSI f or empl oyee screan In~
sti l, sJies (, he"re F-Ri scores vPre relatei to future detected thefts),

a, i ota~c ro ;,, twas fo nc. that Chdri t' collectors who were more
t a -cb h SI turnea in rucre fr,-ney e.- day then those who

C'e'jas'- s hr-_S . orthose -vlo stir'ey the rcse ,rch l iterature, it is
3rd ntt)r, ovn- o-the validity and v ia b i Iit y of a paper-and-pencil

a-praci toscreening for honesty.

the field of honesty testine was given even greater leyitimacy
a101review by Fackett & Har -is 'n the prestigqotis Personnel Psychology.

- avytr alviays known that paper-and-pencil ability tests can be highly
relictive of future job success. Nov, the personnel and psychological
&r i - ti e s ha,,,- recognized that. paper-and-pencil honesty tests can indeed

lre1ct future employee theft.

And , oh yce , r;em e hr D i(.aecae s ? t o bad that honesty tests weren't
d'allahie in) his (Iay. If-o, ho wot.,lo not have had the opportunity to

1' r l ehir~scl f as the sc2,,,er oF honest iien . You see, Diogenes and his
fah' wecre a rl ier Exiled f roi t he ir nat ive S ioope. reportedl y for tamperi ng
i t h tH hc ut-' c$ rr- nc

F, 71;7/Z
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A MODEL CF PSL'CHOLOGICAL STRESS AN~D CONTROL

MI.Kastner m
of th.e 'Ar-i'ed 7orc-es,

- ~c.>1 r Lo~oricsanui CPxjanizdtionF~1 science
'~'niz, ~eiealRepiilic )f Gerr any

Summnary

-D.iel %or rsv.choloqical stress which integraiaes 'lie
a1 'nrro;aChes of McGiRATH (1976) and TzZARHS -ind LAUNIEP'. (1981)

-~ res-~t~i.Tn ihe context: o' th- above-mentioyned model, a
...herfaet of coot-rol (emotional/ra-tional) is added to

'unc-7ta hi1e stable; ex _:rnal/irlternal, and --iiobal/specific);
snm- e~-pricai nroof has been foundI.

onsquecesfo'r diagnosis (esp. the construction of
1Itnnues)and theripeutic mea :,rps by means of &hich

'~ntj~stresslevels can be reached are dIrawn from the( ' ~ f -resq :in,! ra-tional /emotinnal -ontrol.

1. A simplified version of the model

-lihe m,)1,2 consists of four components: one based on a HKand-
lings"-theory (i.e. a the~ry of activity), a transact-ional
ono, a part based on facet theory, and toe aspect of simulta-
noPous rPg9I stration of physica-l and psychological parameters.
Pe .cor lino to the "aduns-tc.tialaspect, the unit of
orserviat~inn must be an action. Suchn an iction canl only be

les~ibe -as Thle dynamic cnralaction between hlumant and
situiat onatl components. This, jot roiuces the second, the
tram-in--i7ion-ll as_ pect. Peciorcail actions .;hou-l not be des-
-ribe,! ideographkical ly in tUheir -iz.,l inq uiniqueness, but
li(,se roo shoull be riassi fiedi, in odrto make iagnqrosis

i-ml meiisures (includling thie training or actions) possible.
:'c-. heory is brought into r1 ,-iy --s a met hodl of cl1assifying

-stuati-ons on the one hand and prsons or thIcQ other. Objc-
ivrhysi cally definable parameters and variables of the-ir
psyhoioq ca1subjective rep.-eseotati on are no~eed for the,-se

si tn-t cr15. For persons we needI objective psychological and
* nh1'shog cal(test-) iFtria-bles as well[ as variabi , 5 whi oh

F, .- civoly represent a person's own psych,-,lo-Iical Iand
I* psicy] 00 i -l Istate. We have herewith a rr ved a t thle f ourth

isroct: ho-(-w can bilgcibohmciand psychologica(-l
pm r r s be iiinked wi th eachi other? The goal ofdi-qnsi

n!of tb-' ra-p is i I waiys to (7 1ttt in an opti C mal I *v e o)f3
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...S ,.f



stress, x.e, thle osciliar-on of actiionz n.csi. stress

w3.hinan irlcraindivic-ually varying ranqe of stress.

Lacr o, te ~ra ,- ~~ 4 cr o cont-rol to the diescri tion c
ani to zdc:osconcernincq the above-mentc~cned process
shall be L--s.ussed.

First -:"e McoIel of- an ind--vidial act-,n
Tf the dl.screnencv bet ween suobect1-e situazional demnands and3
an i n 4iviacI as cwn coing oot-2nial becom~es too great, th e
~vdulno lor.Qer tries to meet the demnand, but inste a-

e x s f r M th" fie, -ational ses, ec:. PRerlex acz.-ons el,_-
M~na-e :ne riht sde of the evaLuac .ion orocess. ?el:-xible

...............................e sellse Or an optimal level of stress, cornsist
inan -)rtimai ccombination of a iut om aic "sa l I eiros" an d
larae circles" on hi-rher levels of action wichin the

cnec'ina an--; nanning process.
Coo c-tle stress leadIs to inufcezexnerie-ce with these

cominations. :.co much stress lea""s tQ, ineffective, uncoord-
natec comb~nations, in wnich- norcal'!v automted acti.ons rise
in aircvzncf thcrby use valualie cnarni-ive cnaci*y.

For e p:Cr'a rocess of: an act:ion performed1 under
stress (u, Ier -he interr_,rc d line) and nossible
ways of terminat.:na th-is activity (aboive thle
iterr,_pted line,

n -)I stress eoat Irom the f eld

* o~dequite e?

injiviotJa seeks Out i' d ntc -s

int0) n otbt'cuoely detinadhfe tehinr e circe

1 ~ ~ ~ ~ v on ...... jC ue C IIin 3
It'rk n] me , w 3 opr)SI'

a f W ) Aa ,ee , i ulin

flde',se in adequate coping9

0 I0

I a s t vas l , a fa i o Y e 1 ' e t hs s s a e L r e s i s . (* S S J '

dc t I ol sub jest ivu o rpt sI~ cnof a It ern.t v'S (o-3t m

A'A

dedri; t q rani vrnons t'SIrse d llcrnAst IuS s fr ,l 1t Ill I e srj with sit 0 1 uS
a..l for ,iih e5 v515 i[ t, s ta l c 'tI , ...' s e ES s' is1i

if, teo555 of Iat Q', s I r tIf) sI '' I IS 1- '1 ' 5 1 1 J)5 11t iIt y

or ffe os 1,) , _, ' o! J5 I I Ii i5al , Ist I' ' A S ' f 1, ft
i n tl't 1 w! sce r i' i P W'I 7
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% 2. Facets of control

In ;,,,I ~ion ner C crm e stress set: fiaure 1)
r1i ncol ty nr cesses :)f cont rol Let uis first, ir. the

-,t~n hn ta us by10 7!T>R (s incE e 6 t -1take -I
-i r t -er na1 Ifl a interna: cc.i.tral. An etern .' ly cor.-

r ->.' -1~cr :n,, at nos s ibb 1 foc us ror,? on the "'emands of
- - ituIitinn t~h n ol' hlis ow: potent i,- f~r coping with it.

t, r p)s it c- n be sail for -in internally controlled per-
snr -h oanrarison between sitii~iional iemarids and a per-

v wnta far- -- opin(. wli'h the situation will be
ke n! nt on e xt er nai f~ictors. This may have conse-

rTeclioiLce -,. at(ernit ves tor --ction. Z n exter-
1 1 v contro LedI person will tend to creatke an alternative

cto which 'te sub.1act ivelv believ-s exists. He viii1

'l'it kelvI "construct" his environ~ment to suit. nis own
"li _,rulir -,oo l f tress can beO similarly played

fow cn r th v ie_ ofe' co to h c h p t

ecillywhen tne stress-model was appliedI to depressive
v -~rmi e-xperience (!<A5qTNfR, l 24), it became clear that

The ir-lyacetd a-so cnrlwr o aclecluat~e.
a-ai i-. ade clarthat

i~-) r t ji l iand emot ,n l. tional cont rol.

: -ti-nalinq rontrrol can 'here be defined as - calculpated comn-
~r IJ_ which is "voidl of emotion", between the environent

a n3 onfeself, i. e. the cornp'-rison b~-etEen the stress inhere-nt
aliimt ion an,. a person s own pocentiP. fo-.r coping with

'-I( heS-I--tuLon as weil is the appropriate corresponding causal
~trl'utions. Pmothonal control can he defined as Lhe feeling

-. relno-in con trol, of pullin-i the strin-7- oneself, or of
-*_in -IIO )n-r)l led andl havi no f- ne strings oul led by someone

f wie DnA1ronly :ioh -i! low deq?(,rees of both facets, then
T-ho fnIle".7inq systol.1Aiat 10 crminkt ion resolts:

Emotional Control

+



.us four groups of Persons are lformed3, those who are both
r- ionally 7ini ermotiornall controlledl (A), t hose who are
r'ittonallv controlledI but eirotionally uncontrolled (B) , those
V-o - ro- r~it ona 11v uncont rol Ie,! 'hut e -,ot ionalIlIy controllIed,

anI finallyv, nersons who a;re both ratior~llly and elmotio-

3. Empirical proof to data

Stu flis on st:r-ss -imno n otorists and nersons in a st-ate of
r) r ess ion have_ shiown that,

- btn face_-s of cont-rol neiniriqfully describe def inab-le
rvialiti Ps andI the exist-nce of the four types refered to
a-ove coin he proved;,

-st re ss an i ner Formance *I f fer 'or eacn- of the f our iif -
f erent " tynes of control" i n accordlance with the type and
i f f "c,1 " :IOf 1-ne qiven tasks;
.11 the bt per~rormance for simple speed tasks was given by
those who were rationally controlled but emotionally uncuri-
tro I Ied ( -, I

-the I-est performance for complex (intelligence) tests wats
n-nby those who were bothi rationAly and emotionally

-ont rol ledi
-7- he persor.s in qro -un C acconoilishedl somewhat more in both

types of tasks tha-n the pErsons in group P.
-Petso-is with -j high deqree of rational and emotional con-

i rol '-xnerience thJei r actions,, in stressful tra,-fic situati-
ons as beina more strongly automnated3 than do c,-1controlled

-In adii, rationally and rntionally controlledI persons
perceive stress situations as being less optically complex.
Thus, simnplifying the situation and meaningfully integrat-
inq it into the context of ones actions seems to be an im-
po r ta function ofcot.

W Wi t resr)ect to ph'ysioloriical variables, persons who are
-L otinly controlled3 but ritionally uncontrolled are marc

-'X(-it,-J)e than test persons who are both rationally and
0 nc'tiona1 ly uncontrolled (sec- KAS'rMER & GTTIA,OT, 19831.

*4IA
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-' 4. Consequences for future diagn3ses and measures

1a> 1-f (-),r e'orclS~ie,.Ol.~las a construct
n1-1irc'ble t'o oersons andi controlability a - an attribute of

-~t a~v~nnrov'd '- e t most- nre iict~lble variable. The
i ihr'looir1 variabies wt-u~i ta-ken as a whole, dIescri.bed

L ln s i lue r stress better than ii] th2 nhysiological vari-
m es(se W"P,19PI) KAST'"FR & G-1J!JI.LT, l-)l, 1983). in

;rt~pt to lnk lifferent vrblsin various manners, it

- ha ,firs,- of all, mul -iplicative linkage of the varia:bles
iutnstxIur--ti(en andl ccn trollability of the action per-

)-rmeli nier st ress mrv ore use ful Than add itive

- tatsecndi',control wtis alIways t'he de-te rmining variable
when it was neqatively attributed.

* .nenco' r;Iwas p5i l'-tribtdon the othier 'hand,
int-nsitv aril, above all, dIuration, became more important.

TIhus, when lescnibinq zind predlicting stress factors, it will
bnecessiry to try to sy-stematically include a14 facets of

* -ontrol. Pir.,st of all, control labilIity must be reqardled aF
neculiir to situations. This contriutes to the classifica-

tio o t,-e situation. qeconily, but of no less importance,
cnnfrol -ilst be renardledI as peculiar to persons. In this
catse, the, process in whichi stress is dealt with will differ,

wcorinq+o '4ehra Person is externally or internally di-
r.'ctud ins-ible or stable, ilobal ly or specifically orien-

A' +-e1, er.otionailly or raitionally controllea, or accordling to
how teevan ioi's possibilities are combined.
T he -i,-tnosis can be made u-,inq a questionnaire- which is con-
st rie(ted( on)r the bas S of facet theory, and whichi systemrati-
cally va-ries andI combines these facets of control. The thera-
pnu c (ronqs-:e'iccs, on thIe cubher handl, should take this djif-

f.~re~ -~ion f cotrlinto cons ideraf ion. A person whlo is
ratona1 ~ cet rlle 3butcoo ioa 1 vuncontroll I must. be

A d~f f:''t I~' r~'.td ,auqt ,trained otc ., in consi(lerat-ion
o)f h~omlt ienil nr,oc-esse3;, rhan ! person who is -?mof ionallIy

control~'~d bt tio)nal ly iacontrol led.-
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Methodological Considerations in CBI Research

Theodore M. Shiechter and John A. Boldovici

US Army Pesearch Institute, Fort Knox, KY

.he purpose of this paper is to examine some methooological considera-
tions in FI (computer-based instructlion) research as applied to military

training. We hope that this discussion will help military decision makers in

assessing the usefulness and limitations of CBI. We hope also that the is-
sues discussed here will help behavioral scientists and others who provide

technical advisory service to the military in assigning priorities to, and

evaluating the outcomes of CBI research.

7he Arred Services are planning to spend millions in the next few years

to expand the use of CBI. The US Army Armcr Schoo), for example, is planning

to spend over three million dollars in the next three years to develon 350
hours of courseware for various aspects of armor tra.ning. The plan- include
training various levels of people to perform tasks ranging from using volt

meters to land navigation and tactical decision-making.

A major source of support for using CBI in military training is the re-
sults of research scudies which suggest advantages of CBI over co.. entional

instruction. Several reviews oI' literature on CBI, Kemner-Fic.rdson, Lamos,

and '.est (1984), and Olansky (1985), for example, have indicated that the

use of CBI led to reduced training time and concomitant reductions in prtce,
with little or no aecrease in effectiveness. Those reviews also suggest that

students favor, CRI over conventional instruction, The cited reprts have
not, however, analyzed possible methodological problems in the reviewed C9I
research. Without such analyses one is ill-equipped to make recommendations

and decisions about the use of CBI for military training. Our discussion
will address a few of the methodological considerations which seer -elevant

in assessing the relative mt,-its of CBI and conventional instruction as tn-

structional delivery systems.

ethodological Considerations

The methodological considerations in CBI research affect conclusions

about costs, attitudos, and effectiveness.

Co-ts

Qrlansky (1985) indicated that the promise of CBI lay in the potential

for saving time and money: millions of dollars could be saved by reducing .
military training time. Orlansky provided the following formtla for comput-
ing time savings attrib~uable to C I: Fercent Saving = (CBI Time/Conven-
tional Time) x 100. dowever, for this ^ormula, CBI was being compared to

conventional classroom nstru-tion, which was not an equivalent medium to
CB!. Avner, Moore, and Smith (1980) have argued that. CCI sl,ould only be coi-

pared to other self-paced individualized Instructional media, e.g., pro-
grammed texts. Their argument is especially relevant !or traiiing tim data,

because CBI and otner forms of individualized instruction all(,,. the -ttQ,?nt
to proceed a' their owi pace, while conventinal instruction does not. 'lim. .o

savinjs are thus ascribable not to CBI, but to self-paciig, which naracter-
izes nearly all mioderr. instructional innovations. Time savings of approxi-

m~atciy 'Lpf!nCerit for LlM CR1 arid programimed tcxt- oo compaed to * j
1,44 f
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o r cn;icalI i r,:st r uc ti 3.,,vci P,~~ leen ecoortted wnern all three media
h ave cee! m-rulaet's~v~ s (Crl:ansky, 19 .Arnd programmed texts are
ass y~ a f r a ct Ion of CE '- cst fcr ntirr'vementation.

* The costs of -iter rat :e _o aan be ,xarined, not cr2 y by cc-mparing
r ta,,n in~ -ie, tu ali o estiniaty laeeFosos emner-Fi :harason el,

al, S r otec, for exainn.e, tl-<t the sPT s',em- as compdred to conven-
tional ir.struction would v"enta1l iv leai to$aC a ' ear savings. SUc&
lcrng-ter-, cost analyses of CF1 syste.s ve-sus other systems trad itiona ly
ho'. involvec ezstimating administrati'.e cost!s 3nd increases or decreases in

*rumber of faculty which woold a,-onparv implementation of nel, programs.
Suc,. analyses, however, have prvddonly a partial picture of long-term
costs. Per3-nnel costs, for instance, also Should includo2 expeases ass;oci-
ated with rAn teach-s to:. be "cor rater-experts."1 As Shavel5;on, Winklior,
St as z Feibel. ,.o.yn, and S ca (5)observed, using a CE1 system in a t1y, i-
cal school necessitateo a staff development program whior. trained teache.-s to-c

r -irghly knowledgpatle in -om~puters. Clearly, such hidden-costs as
tea-er training prog~rams wo-u'ld reduce t"he Vpotential savings for CB!.

ost estimate,, also should inol1ude determining the reliabilities of' tie
cci ;aed systers. cz, r reliability )is inportant to measure, because r--

pairing malfunctions will cost morey In re pairing the problem area and i~n
training time loses. One formnwa (F -ances, Welling, & Levy, 1983) is (Fail-
ures Per Hour x Term nals Affectpo)/ 6-orking Days by Terminals Affected) x

1 , hp forrula. however, only provio 'o a ,artial index to *.he educational
and financial losse-s associated with faulty delivery systems. The index does
not take into account the potential problems of an implemented 3ystem. For
the m-ost part, evaluations arec conducted for a prototypf: system 1'which may not
releoct a system's r(oiiability when impleinented. Data should th-n be col-
lpcted after the sy-terr is fielded and fully itlplemen',ed.

Evaluators should also collect aata on administrat ive costs after the
system has beer fully implemented. Orlansky (1985) surprisingly derionotratea
that assumptions about administrative costs associated with C8I ha-' rarely
hper systerati cal'y anialyzed. For example, very few CBT evaluations have
exarineAJ the actup, expensezs (and problems) associated with a CBI1 system ior
updating th~e inst.ructional m-aterials and for hiring the additional personnel
needed to Ipcrat- and maintain the Iytms equipmtnt. Informration obtained

whena sst e isfully imnpi -mente1 is then needed to co~mpare a oual costs le
e eStimlated costs and correspondi )f~ly to determine the validity .i ertain
ass~umpticn about. CBI's ',aliue for administrative purposes.

't no( en l s a t t i ud t, - ry s i r. bo jtfune int ructor vi elNC

1 lcrr' and Loc rard ( >1 r"ugced that t ajehers' bc Ii cv, that rP1 4ol'
he1lp ttto edu,~ n r, "If _-3_ r wo' 11 e qpet t students- wuj)d l(1 hve Sim i-

.O' os~v vew o ,~2~ ' s,ud~ds ud de toar an instruct ion
al tfltem ar- 1r T_'-' 4 h rc~h' 'a d (Vi ne,, 1975).

& ri ~h ''~ -n.eedod t1o p"rv 'd insi ghts iiii -
u~n'a~iCra. Ue S e. t75 1, em 0t,,l ma'I Ic Cto Ite I-

t i~on~% Y



instructor cttrusiveness is relevant in evaluating military CB programs,
becau.se instructors usually are involved in the evaluation. Draxl and Aggen
('91) described the need to give briefings to enlist military irstructors'

:nterest in, arc support of, new instructional systems. Such briefings may
-ave engendered positive attitudes in instructors, while militating against

ottaining unbiased reports from students.

iscrepancies between students' responses to questionnaires on the one

hand, and rore objective data on the other, were found by Shlechter (1985):
Soldiers reported that using a light pen was easy, wten in fact many of their
errors related tc problems with using this responding mechanism, such as
h:ni- the lig.t pen incorrectly. Additional efforts to compare self-reports
wit, obective performance measures seem warranted.

.,.lechter also found that students sholea fatigue while completing CBI

lessons, but did not report such fatigue on the subjective evaluation aues-
tionnaire. Cboective measures of fatigue are an important issue in CBI re-
search because the human-factors literature (see McVey, Clauer, & Taylor,

.41.4 indicates that VDTs (visual displav terminals) may be "visual discom-

fort terminals" with students' not being able to use certain types of termi-
nals for extended periods of time. Evaluators must then measure through

objective indexes human fa-rors variables which may affect users' com-
*-. fort.

Consideration also should be given to examining other factors which may
confound attitude reports. Orlansky and String (1981), for example, reported
that half the courses which they reviewed lasted one week or less. Such

limited duration might not be aoequate for ascertaining students' attitudes
toward a CDI system. King (1975), and Clark (1985) have noted that most
students initially enjoyed working with a CBI program; however, questions
remain about a system's ability to sustain students' motivation and enthusi-

asm once the novelty has worn off.

F f fectiveness

-,jective comparisons of LBI and other media require that the compared

groups be treated identically in every respect except those under investiga-

tion. Instructional content, for example, should be the same for the com-
pared groups, as it was in Ilorison and Witmer's (1983) comparison of

computer-based and print-based job aids. Other media comparisons did not, as
noted by Clark (1985), deal with the issue of matching content. For in-
stance, ETS's often cited evaluations of PLATO and TICCIT (Alderman, Appel, &
I'urphy, 1978) did not include a specific comparison of course materials pre-
sented in the compared classroom. Any differences in ETS's evaluations might

have been due to presenting different content and not to any features inher-
ent in the CBI system. Evaluators cannot make any claims about the relative

effectiveness of CPI as as instructional delivery system unless unconfounded

comparisons are made with other media.

[Inconfounded comparisons between CBI and other media also require that
tboth educational programs be created with the same degree of effort. Stone
(1985) described the extensive effort involved in developing an in-house set
of CPI lessons. he showed that developing this cour. aware involved a team of

"4
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Arm, Captains, civilian educational specialists, and outside consultants
working for a year. What typical Army Instructors go to such an effort to

develop their daily lesson plans? CBI evaluators must then taKe into con-
siceration such differences in instructional efforts when discussing their
evaluation results. If differences between CBI and conventional instructions
only revolie around this issue of instructional effort, then the Army should
consider putting forth similar efforts in creating instructional plans to be

%used by classrocr teachers.

CB evaluators should also determine a system's instructional efficiency

by its ability to help the student accomplish different levels of transfer.
Clark and Voogel (in press) suggested that CB was usually geared for immedi-

. ate transfer and frequently ignorec the skills and strategies necessary for
long-term retention. They also suggested that CBI courseware was not geared
for cognitively oriented tasks, such as problem solving. These trends are
disturbing to educators, who place a preminum on long-term mastery of infor-
mation and the ability to !-lp students develop problem-solving skills. Un-
fortunately, very few CH! evaluations have examined the long-term and
cognitive impact associate withi edlul.

The apparent effectiveness of CBI may also be an artifact of unwarranted
instructional prompting. Clark and Leonard, after reviewing 42 randomly se-
lectedcivi, .... C, programs, found that teachers usually provided CBI groups
with more instructions, e.g. prompts, to complete the tasks than they pro-
vided for control students. The extent to which prompting is a problem de-

pends, of course, on the observed amount of prompting relative to the amount
intended by the system's designers. Unwarranted prompting should then be
another variable measured in CBI research.

Summary and Conclusions

In summary, the followinp methodological considerations have been

discussed regarding CBI research: 1) make unconfounded comparisons between
the CRI system and other appropriate educational media; 2) measure hidden
life-cycle costs associated with the delivery system; 3) determine the sys-
tem's reliability; 4) measure actual life-cycle and reliability costs for an
implemented system; 5) determine teachers' attitudes toward the CBI system;
6) control for possible "instructor obtrusivene~s" effects; 7) substantiate
subjective evaluational data with more objective measures; 8) measure human
factors variables with objective indexes; 9) control for possible
confoundings due to insufficient testing duration; 10) make sure that the
compared media have the same content; 11) control for differnces in instruc-
tional efforts; 12) examine students' long-term and cognitive mastery of the
1 formation; and 13) measure unwarranted prompting. Other methodological
issues which cannot be described in this paper involve the possible interac-
tions which may exist betl:een student characteristics and the ezperimental
treatment. As argued throughoi., this paper, clearer answers about CDl's
inherent value as a delivery system can be obtained if these considerations
are incorporated into the evaluatior process. One cannot conclude that CBI
is tne superior educational medium when confounded comparisons are made with
inappropriate media,
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These methodological problems reflect the complexities in C2 research.To the extent that CR! research continues to compare C2I to other instruc-

tional redia, then some time-consuming and expensive research procedures must
be employed. For one thing, both cross-sectional and longitudinal aata
should be collected. A cross-sectional design is needed for initial assess-
-ents cf students' CFT perfor-ance, while longituoinal data are necessary to
ascertai-. the long-term learning associated with the 02 system. :-condly,
systeatic programs of research are needed in which priorities are assigned
to independent 'ariables ana variables are systematically manipulated arid
-easured in successive experiments. Such research programs are imperative to
analyze ssteratically as many of the previously cited methodological consid-
erations as possible. Systematic analyses would provide, for example, infor-
rati.n about the relationship between estimated and actual CBI life-cycle
costs. Programmatic researches needed to provide further insights into
.,et.er .... problers are due to courseware or hardware limitations.

Evaluators shoulo perhaps shift focus from questions of inherent superi-
ority to the identification of the conditions under which CBI and alternative

-- cl i;) prndiucp and do not produce desired results. Various media have various
strengths which must be first enumerated and then matched with intended in-
structicnal settings objectives, and resources. Zemke's (1984) conclusion
that '- ma.' best be used as a supplement to classroom instruction is a caseE W T in point.

-.4 'ilitary eccators should only begin widespread implementation of CBI
afte- clearer answers are provided about this medium's instructional and
fir,ancial value. History has shown that educational innovations which were
implementeL without sufficient research and planning were always abandoned

for later technological innovations (Montague & Wulfeck, 1984). There is
currentlv some evidence that this abandonment process is beginning to occur
for some CRI programs (D Reed, Personal Communications, 6 November 1985).
"With sizeable financial and personnel investments associated with large-scale

CP! implerientation, the military can ill afford t~o continue this historical
process. This abandonment process would also be unfortunate because comput-
ers--if used properly--could be a valuable instructional tool.
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- , ii ~III: EI: FI" U'N1;SS ov COMPI LR W.R..PI CSI
IN Vl sUAL REAWO(;\ITION Th.A\l,'NG

N \V) PLPH"( )NNI :1.R*L \iRCI ANI) DEVE~iLOPMENNT E:NFI*:E

Abstract
'ltI'll(t ~ 'f11* fit f cc'iliptter-I .,t~ A graphics iii traininug a '.isual recognition skill (radar

* j.~iii iui .L- a'iNv st igar.. In rt cognitiiig j.inining, N a~al p~ rsonnel nitist differ nt ate bet w ec'
N. teral IN p , and dieir % i~uii il(1 arac terist ics (Comput er graphics %%ere de~ eloped to enhance lie
ft oil.- of fac Ii ;. of iaiiiniiiiig 'I'll, graphics %ere accompanied by capt ion, Ninch ga~ e hew
t I. an i' a onv-' Wienre desc riptiori An e-xperiment %%as, conducted to s~ sterat icall: test tOwi

if ,f t, of grmlli. ,u l'je~cl t s rt -t ule nt, at t he I l-eet (Conmbat Traininrg Cent er, as'signed to ow,
k4 sI\ ot01ditio,,i in a 203 .. 'ign S'iiI.Jects recei ed training on animratedl graphic,,, with or
wit hunt C(apt ion' 'till graphics,. Ait h or A ithbout capt ions,, or capt ions only or were assigned to a1

lit lro grotip 'Ace s ru t hen t e ,ted us.ing x ideot apes of ictual janiming Test resuilts arc
mi us.! i .i- of the r,,Liti~' nierat' of ininiated Nerzu.s still graphics. and the %alue of cap-

ti-Filftiz

Int roduction

Th I't..e of grapl. to enhlanice the learning process has, been of interest to thie educatioi.al
t'titiiiit~foi Ncais Rlfser, hif fnte use of graphics and tex\t illuistrations has showin that the-,

Il iii iijro\ v learning by (1) helping ttidenit, understand whiat they ha~ e read, (2) having picturesc
s1,ltitt for Nword anid (3) enihiancimig learner enjoy nient, 'Ihey canl also increa-se retentioin of
informiatio.n 1by itsing more than one wxay of encoding iniformat iol 0i e ,pictures plus %%ord,) and
hrough retetioil (Le~ ie S Lentz, 1982)

With thle adNlent of compuiter based t raining, gr..phliics ha~ e been an even more interesting
.L 't of iniicet io.n since t heN raii be mnade to ino e, flaLsh, arnd present in color I low ever, the,

"'r (\iil ., ('ii hioN * riti. al they% are to thu suiccess, of the instru' tion is mixcd cSin, e tbeN increase
I. %#Ael.'i1i cost igifiland l it thr t hi(e are necessary anidi thvay in which they are uisel is

* ~ ~ o .4Miport ance (Mon \ Nr ax io. ki & si iilut i 1979) It is lik ely that the importance of graphics
dlwni 1, hargeh% oil the taxsk he learned

Iii the pr,*-eit s i graphic, %vre a logical (x~ciisln of thle- intrulion. the puirpose of
\% ill ii %%ja- to t ruit sti ret ovitioi sKill, The graphwn Aere desig;wd. to offer the 'tud~ents a

*i I It o f sI Ip I Ie II' i a ti In' II t o Ihelp11 or ga ki i i/z I lie l ea riing of i iipoi ta;iINt ii i a Ia I iaractIrisn
IIn t ie [rettit e\hperiit, 1%%- a~vts of gi-iphut s ',;ere explored( iii addit ion to the

it. i'. hssof Ilie, grapht in gon. tal h Ow thNalki of atiiiuat ionl V a., addressed anid s conld.
lhe ihjvi of caipt ioiinz " a, explored

* Background

-,'[Tlie lrrtstitt c\11 riniliit was, tde igloo to ins st igate the iniietie of computer-based graph-
us onl it. ugltion of isukal p"it tcrim- The training au.1 testing of Nistial recognition skills in Naval
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p .r-orIil Ii IIL liw~ben of tong't andioig ,myortant- A c ritical skill tin lie NaxN yi- lilt recogn iti~on of

It' 10111C Co (nIItt rmnifa, (Ires It.1 also kiloxA. tz as jamInllg . onl radar s n I I -eCOglIiLlIl
'1 Janilliig etxetr~il jamirng t e andl their x su lmracter-tics iut Le ofiffe[ en ii'rl, NIPRl)

1,It lop I taIraimirlg 1;rognrri Io k.), Ir h ti reognit iot of I I d ifIT-r(it ty I vs of Jalnaiing TIis pro-

'Z tr i-' 1 iiiutr-bts, d ii.st ructiori coii,int'i Aii % id(1 tapes of jarlinlng -Ih cumnrutei-

lia.-~ I t r-iimmig pr, 'ent, d t, in -truk titon -nd al'o- present.t d graphiics of tile Janimilig IN pes to
*Iilrarie z lit- N i-u, ii liaracteri-,ticw lii- tramnin [rogra I " sa~L \treieI% siicce-.'tl (,a!( \lc I )anald(

* k CI IN% for 1 191,3. 19,,)l

'Ilit, corni uter-l,Lxed ri-t rio-lion for r, c-ognition of jammliing N%,s desigirti to focuis onl
* A tg in lftat urt-, (.f Ohe dift. rent IN pt,'s of jamming Eachi ty pe of jammwing hiats critical x isual

ft-,'aore'. %% lw-lh are- uitie tid NA lii, it art' important inl kit illi-g andi identify ing the type lit real
!ifc lio'At x r. janamiig c~di Iw erN difficuilt to idenitify It-caki-e the, patterns are Coniplc\ and! can

i 1il1 kil s '-%fal r.-r1e"t to tile critical featnirs lit trainn. t ~efvatu'es 'Acrv difficuilt to
dii IN lin I-al-life %idleotapte p-re t,-tations As Va resilt, tile % idt'otapus b% theni-clx e- 'A-re not

-kio le..int to train -tutdent, to idit-ntifN eachi t~ [e of jamming Be, ause of til, grai hors N% ere ls'
to L;lnflit the critircal feat lre' lhese graphivs 'Acre "cartoon-like' rendit iv,. mnaking ,tli
ft-attures of t'a~hiimil ing t~ pe x eN It-ar ani evig-rated Ihie lit Crature on concept le'arning pr-o
x r lt cx idt we that in orditr to teachi st udent, to recognize tile prototy pical concept,. lots of exami-
p1 Ies m-t l", gix t-1 and pi ototx pical featuire, miust be e mpiasized (Gagne &- Briggs. 1979) It

" i-tlilt [irptoe of Hie present experi m-rit to t est thle use of tile graphics as, "feature eitianrirs,M i' -inrce hex 'Avre cowiidered ext renietN iielpful inl teacing thle st udents hy) helping the student,
at tenid to tile eauescritical to idenltification of eachi type tirce question,; A~cre of interest fin
tire, pi eseit exj rimi-nt (1) 'A crt the gr~tphi- eflertix e in teaching (te recognition of differenit

- t\ ~~Ipes of jamiming (2) 'A trc an imai~tcd g p i irk- d i li.tanl -,tai graph,1 cs7, ai (3) N oli']
aptions (snort x trbal dleci iptions of the jamming txpes) addi to the x atic of the graphiics'j

4 ~lii order to ((, 'it, hefie ctz, of graphics(71 'A it hout tile confokrrdi;.g influence of tlhr accompan\ -
1iiig it nuc t ion tfiat, e\ pen wi nt %x, conduicted prior to thle start of thle inst ruct ion F~r experi-

mreni l pmrpo5" tie( prvt-et to the( int ri( t ion (x iucli consisted of a x ideot ape Nwi examples of

1(11 unjariiuiing). st-i x d x" the( dll('nt't Nariable Inl tlre experimtent, there 'A eic 5 graphics con-
dii iotis 1ist4 and tif' st uderit, prex iexxet thel graphics before thiey took the( pretest andl 'A ct onl to
liet instrutction ile fix e coirtlit ions used *x.vre animated graphic-. %Nti or xitliout captions, till

graphics A~it ia or 'A it hout cap~tions. aiid captions alone Thiese fix e condlitions xx ere coimpared to a
cont rol groip t hat dlid not re'cix C any, pre-instrmt ion 11c use of t iese part ic ular coirdit ions per-
iut ted CX aluiationl of ' itiher or not graphiics A(-cre hiel:,iful and also 'A cre designed to t eas,- out
vXa t1 lx A i aspect of graphics ise \\ as tile most hielpfuil

Method

Suibjects Nker 11 1male etilisted Nax al pr-omruul, attendling EC('Nl lassand Ad auice tl

a fairt' t a~se t PIV(T P \(' Their Nax y rates, in~ bidled Opvrat rlls s pmcatits (0'4), Fi-re (Con-
rol Tecloro (iuis (I 'I IFLett'ironic 'l'u'bilicua'iis (hF') andl lttroni' Warfare TIecrimiians (h-;W)

'llese paersontill ralng, d ii rink fromt E.3" to E7's

\conitrod grouip \%,as foririd fronti pivitxously (olit tlvI t'a ii in Iilll Stiliits attenl(ling 11lit
,iniv ow rre xx cre gixN (it I iii I railiti in s a, xxNli 1)01' p( kagc mri di-I not re'-eIN e t it' grapliit s as prc-

'A I t id 011 on 3 tI tit 'lit crntris-l I hiv t 1 rot gi otip

tt
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Experimental Materials

1'o x .. , of zr.tlil It I, cru kn- d1 %% t II IIi t, h i 1kI I c I-b I i& t ri (Iof A 1. _I I re t IitIJoI-

S1,1k, III Ill, oiler 1.Ilt or til- liiiii tilt . ,raphw, xv ro anirnar %%itll cap;tion, lill,
1111 11 ii' ot I \%.pr. thoe -111 .l u.-: Ill IIIe 'kill gra.ii, II lit r to tLiout tilt, onitrikfilmg

-0 iiFIL ( .I? \i'11(1C \ , i \ l' l(~''l* tV\o olijput. r frainc. of vachl '.pe of janirill

t;,t fieril ' 4ii '11" gn 'lil i i i d t. l'A oi I V 11 no rit al )f iprpo nt tt I out w

ti I\\ \'I LII) ( J? \P I I' R \ I I' I I . \I I ) o fl \i lne4o f V,1 Wh rp of p.1n tin ~Ill
\% ii t l 41111, ef f* Ih -a ie Im.. l m I %i~ NIli \'%'vI ( .Im lia l (k v \lcpctu, r l it ('e~d that ll -II Olel int~i oh tpe ti nJ-jwit thei grphi a.' Inc tal 'I'll Itd and tra tle ur-

IX.1 ~ I I' oll i u i rlh nl tl' ot x r o rl11 j'.ritd ri h

d)ut V\lIt A (; fo \leg~PI1Ii' \\pel ITLE \'\D V. iCI il t't fOmNx I <3to grapine fi th I he
~~ ~ V.1' fle~ 11 ,II it tit, A\rex fVITI ollhitftCl WITHil litof TiitrOlt ed f eltar

oI-. nlitriti' lilO lgn 11f1rC t It i.'e oll ad non \ vr\li neelp loll e ~'c~Vee ~ti
I I~ \\\e \ (;otf iii Ie L--e \ ItII 'T(N ilefl M) (d?. \PIC 1.thor til- t'ori'lilimi Nicd

tx t i a, aex olillull' 'Iii O t lrnt' tonk tilnt pre ivv odIt~on on ouiia fter on-i

1-x t.111' titt1it14 i al *(101 lod'- t1,1oi t li eltet I\ fer iw l -re he p nteti O (11

Dexpeinenta Meacur

I I Iif.i vi I I it I, , 7t, ( x itt itI te t.I ii -fl f )tIi t x it o "fuI Iiti ( 22II h r it tvi) In o il I Ion,
11 'm -i .t I, t11' for it p itit i of t1.~1 ii *Iitloll of (jtIiiiiiii V%~ mirediiltc Warar \ttaiI I ine tied

1, equpm en~vllT il v41,# kIt (h d ldk -, o tI orv -\ 1-o inli I: I

'Ii t I, x cotel i e of'I 1-1 ludcut Subji 1, iii'lior vall~ 1! tt da. 1 Kt'\r ii ik .11 ( t oiilll fo

th lv pe1% o1)t1l h td nt o k tl-pv iv o dto i n, a\ A t- to e

,II\ II'I ll'.1, llal oldton oo ~t p ee ~ %fe d f p vcN t e p oe452t oil

I,, di ti-ll" Nh,1 ,n t f( w Im I 11 ~p l



Results
Idlre cm j'r #.,It IiieI, di ,tIuli i .I d, itpiisu for pi t t vst m orv' foi e\perinitalI g Iotilp

Atid thei- out L! r M p \[l d I,~i of %iidi c 'L .e~ rforiiied diii le'4 vdled st at Ist it ally
l!"liiki an:i difft riik 't V. eli I hei c\jii rintm mAd gioiiJ' an- )di tile coliI ro grokips (5 and 6),
Ii .2075) 11 3 001 1 kir lit r ,ao ih si, riealcd Ili it thle runoited ,oioiit ions (group~s 2 mid~

1) liid It~ti(i a lk lii1ir , oic oil h e (1.wlvl hIwa'iirv tiotli tie 'till glapiit coiidit ioiis

(~oi~I andI 3) F') 1 92) 6 17, 1) 01 1I ilkty c it oisi to u-ii"eqjuent tists, for tiifel'tr'icetis lt
111at %%irll ktpl iunl grokip a, ouiti for thle signiil t il ilff ret .\nt anab mis oif N. .ridn( v

tV. e'n tile k pt loll, Zrk.111" %4 if'li t lit Ii) ;4il ion, group, hoi"V ei no sigmi~~: lit difleen-ut-.
F192) 2 1 09)

* PREVIEW TEST SCOREIMEANS FOR ALI, GROUPS

{ \ll -ol

I Sill Captioni' 21 't V4 11_ 21 69

2A ated Capin2 141

3 Still No Captions 2 A. 1621 15,59
[I AimaI.ted No ('apjtions" 25 51 16 15 15

15 apt ions onlyV 20 .10 (6 19538

TaiI 'I I Mvl-Ians and St and ard lDe iatiotns for P re'4ici, Test Rcoi es for all G roups

Rt's14oniM I iiii for ic14 0g111ion of i minig V. .Ls mniitoit'. a., N~ll as pe-rformiance scores
lic tiut. ill t ond, NV., mv' iedurtd for al1l isi'ances of rio ogiit ~on fioni the momnut the jaminiiirg

wsiviit %%x pl. ,....- iiiit ii the coitctr Nrcorlil the sI tiiet rose~it 'J'able 2 present, tile
liiitaiii ad 5takniald lot~imttills for t'*.povti met' for (\perimnta! andi control group" Statistical
011 ori! ir-ons re' cilud that group.s did not (I Iffter significantly Ii response. t I IeI)

V( ),3201) - 1 00 p, 0 119 It i,, iiitert'stiuig to note that %Nil hutthre ".ere no significant differe'nces,
p iformni~ic c . sloV. er for thle ext only grou p (5o). anid lie (onlt rol group T hese groups didt not
hid\ t the ,1(l\ ntage of prcex ui' ing tlit' graphlic oipa f eadh t.Npi' of janoniling

* PREVIEW TEsr RESPONSE SECONDS

*I "'till ('aptilons 211 10(183 1I 1 7

2 %nnualv tiC(apt ion, 20 13 90 1-) 03

3 iilIl No ('ijI ions 235 10< 1-) 23

I Aiunmitid No Cationi, 23 11 .32 12 71

53 ('altions otil 2(0 1i 7t3 10 10

*1.~~~ (j~ ( toit) ). ISSoIS

'l'aldle 2 Mleans and ' t .nda~rd I h% iat ioti for lPvs;onse '-wcotiis for all (Cioups



T.icl 3 prv~ent' the totrM tim&e (z ~Ili i''t) .peml I, Ill ill pre-.ie%% ijig (lie grapilwcs for the
e\J't' limewltd grotip, \nanii of %,ti itn' rt'~d~ iA9

1 ~gmfli9,mit (liffrewlCt-'C'9 teii perlmiei-

I'dt a gloufe'. I ;l 109) I 09 p, 001 \ stib'o'qu uit te-t for diffi reio. es re'. ealed Oi~it the aiimmmed
griphic' groiip %wih ciptioli' (groiip 2) pvwJl mole IIIj .11 i'x% mrg (lhe graphic'. pImor to tAking tihe

PREVIEW TOTAL MEAN MINUTES

I '-t Ili t ol 21 1 10 66i 1 16

2 jimmird (2 0''i "____ 10 11

.1 -ttIII No ( '.l on" 2-, 9 72 1_ 201
1 1 \irn11ated No (aption'. 25I 11 ()2 1__2_1 'iJtio"ony20 j16 15 1 9-

'Iafe 3 T'la M-,111 \lite' \'i.'' irg ( riic.For All (4roup'

Conclusions and Discussion

ime yu'-1ou> , %ertl of Iue'' he;e.zt prm 1 e )O crill 11& tI ii&h"' OS gi~ii'll-

-III tt' wiolri till Ail~l of jalimmig rvkoqmiii %%.I'. 1'\Jphorv'9 '9'991i. thet N'9Ml of aiall '9a>til"ted1

AW fill,11ii % tOw l'.' of CIplftoli to atcomij-tIIN till gI *II)II( "'u> .iddc1di'oi The ''ul of the v~pei lilloit
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Recenz Developments inr2 Evaluation Research
Stanley D. Stepher,:on
School1 of Business

Southwest Texas State University
San Mar-cos, Texas 73666

o t valuaticn _,s widely u.sed '-o establish a spc-,,frc salary
i specif _1c position. The p~olnt system is the most woly sed': evla~i=c procedure. In this systlem, one or mrore factois

t') '':ate each ob csach has typically y>edd fout
. .i1 E ff7o rt Respons ib 1l1ty, and Workiang Condi t in
hese faictoi s -,an have one or more subfactors, or scales.

'~xmpeunder the Sk 1l factor Fraser, Cionshaw, and Alex-
* . ,cie; :984) used fout scales: Edu,,cation, Experience, Accuracy,

:'I .pl exi ty. WIthin each factci oiscale) there aie several
-:S 'esf worth; each Ilevel1 is assigned a certain number of

pint-s. Judges (typically experienced employees) thrn rate eacn
~acorusually based on information contained in a job descrip-

,arid assign -he established number of points. The total
*uerof points across factors equals the job's worth to the
';xnzaton. All Jobs are then rankea according to their point

c -ti1 rid wages are set .
'n spite of the wide spread use of job evaluation to deter-I

nthe salary paid to an employee, recent research has been
:rit1,Howeve, in the late '970 job eva'luation in general

irm e under somewhat of an attack, and consequently some research
-is been conducted in the last several years.

This research was generated by critical comments concerning
'IS .. sco ob evaluation for determining wages. For instance,

"ne mrajor report (Treiman & Hartmann, 1981) concluded that the
cl-Iab:iliy of job evaluation methods for determining wage levels

* . :is not been established. Treiman (1979) noted that there have
lteon no studies of the validity of job descriptions which in
tI noiy for.m the basis foi any job evaluation system. The real

-r-t .t these criticisms is that there mj-y now '-, a "perceived"
,t ciedihblify concerning job evaluation.
7ie, specficaliy, joh evaluation miethods came under closer

.t Iny I-ue to the c.omparable wor th movement which is rapidly
am *. dominant Personnel ,ssue of the 1980s. Comparable

ef eris t o rece iv ing equa I pay f or equal j ob value. Propo-
* his movemrent aique that t-he historical male-female wage

ferece c; ue rima ,ily to a bias inherent in the job evalu-
:4 >eSS. -cnsequently, comparable worth advocates are

irfor, the uise of job evaluation method!: that can objec-
*ya ,;sess differeonces in basic )ob factors, a measurement,
V :y-iht May not exist in cirent job evaluation techniques.

:,he !'hiof crit L-ism ofob evaluation is that it is inher-
ly ,udqmontal and therefoic possibly biased. Bias can enter

e'th process at twoi points: in thewiinifth o
:-t L( n and in the evaluatiron of the ob description with

Sto the actors'scales selected. in othe., words, the
i'..: j f ~~oand the w:iting of the 'ob description are

'-1 1y suibiective events.
hie simr of t he iecent quiest iona nq or job evaluhat ion tech-
: I- as been the publication of seveial research studies

eSt so-me, of t he inJe: Iying issumptions, and recent
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ciiticisms of bias in job evaluation. This paper attempts to
summarize the findings of these articles.

Rater Reliability
Treiman (1979) has stated that "the ieltab-i: y "f :atr.ngs is

not pa,-_*tc,1ariy encouraging"(p. 40). Doverspike, CarlIs-,
!3,r iett, 3nd Alexander (1983) conducted their own, -eview -f t.,
-iteratuie and found, contuary to Treiman, rather .igh interrater
ieIiabiilty acioss studies. They then had 10 raters rate 29 'ob
1-scrtpt:ons, fr C.bs "ran71n3 from clerk to accountant to sae-

" _s -. dent t) suipervisor, on a point system job evaluat -on
ns,t 11e. The instrument had four factors (sk..l, effort

iosponsbliity, and workng conditions) and a total of 11 scales.
They used a relatively new analytical technique, geneializa-

.;ilty analysis. This procedure uses a iandom effects ANOVA
--sign and permits the analysis oi each potential source of error
that may affect job ratings. In this study, three facets were
analyzed: jobs, scales, and raters. The authors found that the
:iter factor and its interactions with both scales and jobs
,oduced little variance. With adequate training, sufficlent ob
,nfcrmation, and a properly designed point iob evaluation
;ystem, the job scores produced by the 10 raters yielded adequate
e"es of reliability. Moreover, "ieliability dropped only
1-.ightly when the number of raters, assumed to be from the
iniverse of trained raters, was reduced from 10 to 1"Ip. 481).
These results certair._ do not agree with Treiman's (1979)
"onclusion; they also question the need for the usual recom-
mendation to have a minimum of 10 raters. Others (e. g., Fraser
or al, 1984; Doverspike & Barrett, 1984; Madigan, 1985; and
" tephenson, 1985) produced similar results. Also, on a related
-imension, neither sex of the job incumbent (Schwab & Grams,
-. .) no. sex of the job evaluator (Doverspike et al, 1983;
.overspike & Barrett, 1984) appear to influence final job scores.

in sum, it appeals that job evaluation raters contribute very
1 tile variance to the job evaluation procedure. If properly
*rained and adequately informed with respect to the ;obs being
, '.i.Iltd, taters can and do reach reliable consensus about the

1h of j<bs. Moieovei, this consensus seems to be obtainable
-"th s i ttle as three raters. Consequently, on the surface

.tc do not seem to have a biasing impact on job evaluation.
The term, on the -,urface, was used to preface a finding re-

, )1 ted by Madigan .L985). As noted, he found rater reliabilities
-,f at Ieast .P. However, he also reported that the lowest
,t-ndard error of measurement was 40 points at r = .90. "Hense
tr.e 95' confidence interval range of 160 points encompassed four
.ssible r-lassificaticn assignments" (p.145). Doverspike et al

(:9 ) aiso reported large confidence intervals even with high
'-nc rela io ns. Error variances this large might be un-

!.,-table for comparable worth evaluation.
Madigqan (1985) also reported that in the best of three job

Siiaton methods he found classification level dareement in
S onterrater comparisons. .oreover, he reported
' isirtcation differences of two or moie pay grades in 1'-, of

'ne :ases. Gomez-Mepia, Page, and Tornow (1982) suggested a need
u'xam. I n 0me evaluat ion hit rates' (the pe.,cent of cases for whom

e estimated and actual giades were the same) as well as the
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iaditional interrater correlational results. Operationally,
these authors considered a position a 'hit' if it was classified
by the job evaluation system within + 1 grade of its assigned
grade. They noted that the relationship between correlations
and hit rates is uncertain; a correlation of .82 between pre-
J-. od and actual grade may have a lower hit rate than a
_:,:relation of .62. In their best job evaluation method, + 0 hit
ates occurred in 40 percent or fewer of the cases.

Consequently, even though rater reliabilities may be accep-
1 >z, t.s measure may not be capturing the entire picture. Even

2:1c1 coi.,elations are in the .90 range, the percent of actual
nits may be unacceptable for actual classification purposes.
;..digan (1985) expressed the belief that assessment of potential
-.o. ,'ariarce in evaluation measures must go beyond traditional

m easures to include an analysis oL impact on pay or classifica-
tion decisions. He also expressed the need to establish accep-
table error intervals for determining wages.

Madigan (1985) summarized, "The psychometric adequacy of job
._oth measures generated by point, guide chart, and PA. [Position
nalysis Questionnaire] evaluation methods is open to serious
71,zestion. Results of this investigation indicated that previous

I:tudies of job evaluation understated potential inconsistency in

(-iassification decision making attributable to measurement
error." "Consequently none of the three evaluation methods
(ma luated here exhibited the psychometric qualities desired of a
piocedure that will serve as the governing criterion in pay
classification decisions"(p. 146).

Job Evaluation Techniques
Gomez-Mejia et al (1982) rated management positions using

;ev.en job evaluations systems. Similar ratings were reported
- 2 Loss methods. "It appears that, given a common job-analysis
data base and data-collection tool, various methods used to
transform data into a grade prediction can yield essentially
'mparable results."(p. 806). Madigan (1985) reported that the
same jcb rating decisions were reached across three job evalu-
'ton methods. Consequently, both Gomez-Mejia et al (1982) and
.>,Lin (1985) found that job evaluation method apparently does

fir," ,ontribute to job evaluation bias.
Factors/Scales

As noted earlier, Doverspike et al (1983) found little
• :iance due to raters. Scales and jobs and their interactions
iioduced most of the variance reported. Doverspike et al also

e, culated confidence intervals for scales and jobs and found
'hem to be relatively large. To the authurs, this result sug-
iests that a replication of the study or the use of different
1bs or scales could produce different results. However, the
literature suggests that four factors (skill, effort, responsi-
44ility, and working conditions) do seem to be reliable across
:,tudies.

The3se results seem to indicate that the popular job
il,,aticn methods have the capability to distinguish between

Jb& and that factors/scales do measure different dimensions.
cItainly, one would want a job evaluation method both to differ-
ontlte between jobs and to have independent scales.

Po,)eispike and Barrett (1984) conducted a more detailed

458



;nalysis of the impact of scales as they relate to possible sex
!bias in 3ob evaluation results. While they did find high ratei
ioliability, they also reported that reliabilities acioss scales
were not the same. Moreover, (1) the correlations between scale
scores and total scores varied across sexes; (2) a factor
analysis produced a difrerent set of factors for males versus
females; and (3) partial correlations between scale totals and
•ex group scores produced some scales that favored males and some
that favored females. Their results are particularly noteworthy

,: .at, ..hile raters provided reliable results, some scales
vcd to be biasea toward one sex or the other.
Worthy of separate mention is the interpretation provided by

Doveispike and Barrett (1184) for scale-sex interactlon. They
,.ggested that for male sex-typed jobs complexity of interactions

wlth things was associated with higher skill demands while for
female sex-typed jobs greater interaction with people was
associated with lower skill demands. "Thus, the worth or meaning
of interactions with people and things differed for male and
female sex-typed jobs"(p.657).

Literature Summary
Obviously, the job evaluation methods that have seemingly

'ooi the test of time are now coming under closer scrutiny.
'Rdter reliability ma; be acceptable, but classification hit rates
ra iy be unacceptable. Moreover, traditional methods of measuring
.eliability may overstate rater reliability. Also, the concept

f what is an acceptable error rate in classification has not
1,been addressed.

The factors that can be used in job evaluation has reached
some consensus; skill, effort, responsibility, and working
,'onditions. The factors themselves do not appear to be biased.
iUowever, subfactors (i. e., scales) may not produce similar
i-esults for all jobs. Scales that emphasize interacting with
things may favor the job evaluation of male jobs while scales

.V tdhat emphasize interacting with people may produce lower scores
for female jobs. Obviously, if such scales are not equally
-.-M1sented in a job evaluation method, bias would result.

Impli-cations of Job Evaluation Research for
Job Analysis As Conducted in the Armed Services

The natural q ~estion arrses as to why research on civilian

" evaluation methods would be of interest to the Armed
:cvrces. Perhaps the most compelling reason is that DoD has
ilways stated that it supports Affirmative Action and Equal
1. imployment Opportunity programs in spirit regardless of whether

.ot DoD is actually included in Civil Rights legislation.
' h iously, comparable worth is an ever expanding part of the
vi rights movement. Given that job evaluation and its impact
n comparable worth is coming under closer scrutiny in the

.'liiian sector, then -he Armed Services should also be inter-
osted in these issues. The fact that women are playing an ever
Kpanding role in the Armed Services only adds to this argument.

'4nothe. reason is that the Armed Services make extensive use
'S m) _)Ib analysis data. An inteiesting trend of the job evaluation

Lesearch is that it is leading more and more to the issues of the
-,a:idrtv and reliability of ]ob descLiptions and the underlying
• V lta, often iob analysis data, that generate these descriptions.
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as stated by Gomez-Mejia et al, "... the instrument that is
Ised rn gathering ,ob analysis data is a critical element in

11uilding a valid and practical job evaluation system"(p. 806).
There are other reasons why the Armed Services should be

interested in the results of job evaluation research. First,
*t.ihn the Air Force for example, promotion rates for enlisted
.ersonne! are heavi_., influenced by the result on sk.l know-

enetests, tests whose questions are directly linked to the
rlk invenories generated in the ]ob analysis process. Second,
-" 2es- ,pticns are an important part of the military personnel

'ture. Since the on-going research ,n job evaluation is
heading towards a more definitive study of job descriptions, the
:'ltary should also be interested in any validity and reliabi-

itv research done on job descriptions. Third, we are beginning
t,) witness the inclusion of corresponding civilian job incumbents
,n job surveys of military specialties. Job evaluation research
--,u be of interest to GS employees. Fourth, from an academic
e, the military personnel R & D conmmunity should be interested
n what the current developments are in the civilian sector both
-o stay abreast of current developments and also to have the

rppotunity to add to the investigation of the issues. Relatedz ) this fourth reason is the uniqueness of thie military environ-
_= mert.Since the military does not have the usual wage contam-ination' found in civilian jobs, it may be able to conduct purer

ipsearch than is possible in the civilian community.
Suggestions as to the direction military research should take

5 tart with the job analysis system (CODAP) because the task
Snventor_,es used in the CODAP system are the basis for much of
the military classification system. The first suggestion is
to ie-analyze existing CODAP data usinq recently developed
measurement techniques. For example, generalizability analysis
:ould be conducted on job specialties which contain large numbers
.f remale job incumbents. This analysis could take the form of
treating individual tasks as job evaluation factor scales and
determining the proportion of variance attributable to tasks,

ile];, factors, or sex group. Partial correlation could also be
"'i to) link task inventory responses to group membership. If

the task inventories prove to be non-biased in terms of sex1'ference, then the next step would be to measure the validity

existing job descriptions by having judges independently
valuate jobs based on the current job description and based on

tne results of the underlying task inventory.
Given that job evaluation research has reported that there is

iob by scale variance factor, task factor ratings, such as Job
",ifficulty and Training Emphasis, should be investigated as well
-. the number of tasks per job factor. These investigations
-.o ild study the impac: of job factors on job structuring in
ic eral as well as the impact, for example, of the job difficulty
2itings received by male and female job incumbents.

The basic research goal should be to develop methodologies
'o.c, can be used both to validate a ]ob analysis task inventory
ind also to produce and validate subsequent job descriptions. In
dd ition, the Armed Services personnel R & D community should
V.s be able to provide more empirical data on job evaluation

S.i si1flcation levei confidence intervals and standard errors of
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measurement, two stated needs from recent research.
The question is not whether or not current evaluation tech-

niques are working but whether or not they are biased. Current
iesearch suggests that there is bias and that this bias begins in
ether -he job description oi the data (often ]ob analysis data)
nat ,ene:ates the job description. Given the Armed Service's

interest in 3ob analysis, it should 3oin in this reseaich. The
fact that there has not been much job analysis research done of
ate by the military is also not an issue; there had not been
.-ch ob evaluation research done prior to 1979 either. The
:ssue is simply that, just as we need measures of validity of any
assessment technique, we need to develop measures of the validity
of both (1) the task inventories used in job analysis and (2) the
-ob evaluation methods themselves. The Armed Services can play a
-na~or role in this research.
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